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Section 1
Overview

1.1 INTRODUCTION

This manual is intended for users of the Ada/SQL binding supporting the SQL Ada Module
Extensions (SAME) methodology developed by Lockheed Software Technology Center. Ada is
a programming language resulting from a collaborative effort to design a common language for
developing large-scale, real-time systems. Structured Query Language (SQL) consists of a set of
facilities for defining, manipulating, and controlling data in a relational data base. The SAME
approach as described in Guidelines for the Use of the SAME, an SEI Technical Report [1], is a
method for the construction of Ada applications that access data base management systems
(DBMS) whose data manipulation language is SQL.

Conventional approaches for binding ANSI-standard SQL to Ada allow the embedding of SQL
statements directly into Ada programs, thereby creating something that is neither pure SQL nor
pure Ada. A preprocessor is used to remove the SQL statements and replace them with valid
Ada subprogram calls. However, direct access to the data base is still part of the application
program. Using Lockheed's SAME approach, the SQL statements and Ada statements are
separate, providing a modular approach to data base definition and access and allowing the
efficiency of having programming tasks assigned to programmers who specialize in each area.

As its name implies, SAME extends the module language defined in the ANSI SQL standard
Database Language-SQL [2] by exploiting the capabilities of Ada. The defining characteristic
of the module language is the collocation of SQL statements, physically separated from the Ada
application, in an object called the concrete module. SAME allows an Ada application to treat
the module much the same as it treats any other foreign language; that is, it imports complete
modules, not language fragments. SAME provides the binding between these two modules
through an interface layer-called the abstract interface-that consists of an Ada specification
and body. The abstract interface transforms data from abstract definitions to concrete types (and
back again). The abstract interface makes calls to an Ada specification representative of the SQL
module. Both the SQL module and its representative Ada specification are called the concrete
interface. All abstract data types supporting this interface are contained in abstract domain
packages.

The Ada/SQL binding tool provides automatic generation of the abstract interface, the
specification part of the concrete interface and the abstract domain packages. This binding also
allows Ada compile-time checking of all data manipulation procedures within a user's
application program. The approach uses no preprocessor, and all code is valid Ada, compilable
under any validated Ada compiler. The binding may be associated with any commercial off-the-
shelf data base. For development, the DEC RDB data base management system executing on a
Vax workstation running the VMS operating system was used. At present, this is the only
commercially available platform that has an SQL module language compiler. A module
language compiler can be simulated using one of many DBMS systems that support embedded
SQL. When associating the binding with another data base, some implementation details will
change. Included in this manual is a description of the support provided by this implementation
to facilitate those changes.

6/19/90 page 1
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1.2 THE PURPOSE OF THIS MANUAL

The purpose of this manual is to provide the guidance needed to use tools to define and generate
a SAME binding for a specific data base application. This manual offers assistance for all types
of users during development of an interface and the accompanying application programs. It
explains the methodologies and strategies used to define and generate an interface and to use the
interface with an Ada application. This explanation is given as a series of well-defined steps.
These steps are outlined in Sections 3 through 6. This manual is intended for use by the
following people:

* The interface programmer-to define the abstract domain packages, the abstract interface,
and the concrete interface.

" The application programmer-to use the binding and have compile-time checking of all data
manipulation statements within the Ada program.

" The system operator-to install the system on any machine using any data base and modify it
for use with different data base implementations.

This manual is not intended to be either an SQL or SAME reference manual, and the audience of
this manual is assumed to be familiar with both SQL and the SAME method. Refer to either
Guidelines for the Use of the SAME or the ANSI SQL standard Database Language-SQL for
more information about SQL and the SAME method.

1.3 THE SCOPE OF THIS MANUAL

This manual is intended as a guide to installing and using an implementation of an Ada/SQL
binding. The manual does not define specific uses for this binding nor any of the reasons that a
binding is necessary. The manual does not provide design decisions made during development
or give any rationale to the choices made during implementation. Finally, this manual is written
for persons knowledgeable of ANSI-standard Ada, the SQL data manipulation and definition
language, and the SAME method. Explanations of what specific SQL statements do (i.e., What
is an update statement?) or detailed explanations of the SAME method (i.e., How are abstract
domains determined?) are not provided. The manual can be used by all members of a team who
are responsible for writing an Ada application program that accesses a data base with an SQL
interface. The manual provides instruction at each step in this process.

1.4 MANUAL ORGANIZATION AND CONTENT

This manual is divided into five main sections and five appendices. Section 1 provides an
overview of the binding and manual content. Se-ction 2 briefly discusses the SAME approach
and the major functionality of the delivered software. Included in this section are graphic
representations of both the SAME approach and interface creation and architecture. Sections 3
and 4 are intended for use by the interface programmer. Section 3 provides instructions for
defining and generating the abstract domains, while Section 4 explains the methodology for
defining an interface and generating the abstract interface and the Ada specification part of the
concrete module. Section 5 is used by the Ada application programmer. It provides the user
with the names of all packages that must be imported by the application to use the binding. A
description of these packages is also included. Section 6 is intended for use by system personnel
who are responsible for installing the software for the binding. Included in this section are
instructions for associating the binding with another data base.
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Appendix A provides a more detailed description of the program's components with each major
component within the system discussed in terms of inputs, outputs, and functionality. This
appendix also contains the compilation order of all components. Appendix B lists all program
exclusions of the SAME method. Errors, error messages, and suggestions for correction are
discussed in Appendix C. Comprehensive sample programs illustrating domain and interface
definition, generation, and use are provided in Appendix D. Appendix E contains a reference
list.

1.5 MANUAL TYPESET AND NOTATION CONVENTIONS

Throughout this manual, the following typeset and notation conventions are used to increase
clarity:

Courier Typeface denotes actual filenames or Ada unit names and Ada code.

Examples:
[project]testinstructions. txt-Full name of a text file
Abstract InterfaceGenerator-An actual Ada unit
type records is (firstrecord, secondrecord) ;-Ada code

* COURIER CAPITALS denote SQL module language commands and code.

Examples:
CLOSE CURSOR-SQL module language command
SELECT AGE FROM EMPLOYEE-SQL module language code

* (Courier typeset enclosed in brackets) denotes VMS orRDB commands and
code. Note that the brackets are not part of the code.

Examples:
{set def [directory_name] } -AVMScommand
{create table) -An RDB command

* <Key > denotes a key.

Example:
<Return > -Thereturnkey

* Italics denote user-supplied names, expressions, and commands.

Example:
Procedure Name -A specific procedure to be named by the user (e.g., substitute
"UpdateRoi P for ProcedureName)

6/19/90 page 3
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Section 2
Computer Program System Capabilities

2.1 PROGRAM PURPOSE

The purpose of this ADA/SQL binding is to provide tools and methodologies to assist in t.e
construction of a SAME Ada/SQL interface to a commercial SQL data base. This program is to
be used for the automatic generation of the SAME-.equired domain packages, abstract interface,
and Ada specification part of the concrete interface from two procedures, a domain view
procedure and an interface view procedure. These products can then be withed by an Ada
application programmer. This approach requires no preprocessing of source code in any
language and is compatible with any commercial Ada compiler. Note that this program does not
assist in actual data base creation and assumes that a data base exists and its structure and content
are known.

2.2 GENERAL DESCRIPTION OF THE SAME APPROACH

During application design and development, the SAME method is used as shown here. The
automatic support provided by this binding tool is also indicated.
" The application programmer, along with the SQL programmer, determines the services that

will be needed from the data base. They are coded in SQL and collected in an SQL module
called the concrete module.

" The abstract domains that occupy data base columns are defined and described as Ada types.
This is done using standard packages available to users of SAME methodology. The domain
packages are specific to a given data base but not necessarily to a given application (more
than one application can be supported by the packages). Automatic support is provided for
domain generation.

" An abstract interface is created. This is a set of package specifications declaring the record
type definitions needed to describe row records and the procedure declarations needed to
access the relevant concrete module procedures. This interface will be called by the Ada
application. Unlike the domain packages, the interface is specific to one application. Note
that each application can use multiple abstract interfaces. Automatic support is provided for
abstract interface generation.

• The application program is written. Once the abstract interface specification is completed,
the application program can be written concurrently with the creation of the abstract module
bodies because the application does not need the module bodies to compile.

• The abstract module-the bodies of the procedures declared in the abstract interface-is
created. Automatic support is provided for abstract module generation.

Figure 2-1 shows the configuration of an Ada application accessing a DBMS using SAME.
Dashed, two-way arrows indicate data flow and solid, one-way arrows indicate Ada visibility.

6/19/90 page 5
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Domain Packages II
based on STPI L l yel

Pacages (STP)

4InterBceApplcatin (spec) Concrete SLDM
PrgrmInterace Module DM

ProgramAbstract,. (spec)
Module _-Ia
(body)

Figure 2-1. Ada Application Accessing a DBMS Using SAME

2.3 GENERAL DESCRIPTION OF PROGRAM

This program can be conceptually thought of as two tools, one for SAME domain package
generation and one for SAME abstract interface and concrete interface generation. Figure 2-2
provides a graphic overview of the binding's architecture and the ordered steps (steps 1-4) for
creating the interface. Hashed arrows represent automatic code generation, and solid arrows
represent Ada visibility.

Step 1. The SQL programmer writes the SQL module containing all of the SQL data
manipulation statements needed by the Ada application accessing the database. Once written,
the SQL module is turned over to the interface programmer who will generate the corresponding
domain packages and interface.

Step 2. The interface programmer writes an Ada procedure (Domain View in Figure 2-2) to
define and generate the domain packages used by the application. Specific syntax and content
for this procedure are given in Section 3. This procedure instantiates the generic package,
Abstract Domain Generator, with several parameters that are used to define the name of
the package containing-the abstract domains, the names of the columns within the data base that
are being defined as doali , and the attributes of each domain, such as length or type.

When this Ada procedure (Domain View) is compiled and executed, syntactically valid Ada
packages that support SAME abstract domain semantics are generated automatically. These
packages are compiled and made available to the application programmer. All generated
domains are based on the data types contained in the SAME standard types packages and
declared in the Ada specification SQL Standard. This method provides enough redundancy
to check for undefined or multiply detied domains (or columns). The interface programmer is
notified of any errors in domain definition by means of error messages printed to the screen. The
domain packages are generated only after a successful execution.
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printed to the screen. The abstract interface and Ada specification part of the concrete interface
are generated only after a successful execution.

This procedure instantiates the generic package, Abstract Interface Generator, with
parameters that define the name of the abstract interface package, the names-and components of
each row record, and the names and parameters of each procedure corresponding to the SQL
procedures. When this Ada procedure is compiled and executed, syntactically valid Ada
packages that support SAME abstract and concrete interface semantics are automatically
generated. These packages are compiled and made available to the application programmer.
Because the interface programmer's procedure provides the
AbstractInterface Generator with enough semantic knowledge of the structure of the
Abstract Interface, most incomplete definitions, missing definitions, and semantically
invalid definitions are caught at compilation.

In addition to the interface packages, a text file--Dbms Specific-is generated
automatically. This text file contains interface informagon that can be used to modify the SAME
standard interface to support different DBMS implementation.

Step 4. The final phase deals with the application programmer, who has been given the Ada
domain packages, the abstract interface and the Ada specification of the concrete interface, and
the SQL concrete module. The programmer will import the interface and the domain packages
into his program via with clauses. Once imported, the application program has access to the
DBMS through the domains and procedures provided.

page 8 6/19/90
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Section 3
Defining and Generating the Domains

3.1 GENERAL PREPARATION

For this prototype binding, it is assumed that Table 3.1. Structure for the
all data base tables and views have been DIXIE DB Data Base
created. The data base structure for a
hypothetical data base, Dixie Db, shown TABLE EMPLOYEES
in Table 3.1 will be the basis fO later EMPLOYEEID CHAR(5) NOT NULL
examples of interface development L_ E CHAR() NOT NULL
throughout Sections 3 through 5. LAST-NAME CHAR(10) NOTNULL

FIRST_NAME CHAR(10) NOT NULL
After data base creation, the application ARESS CHAR(30) NOTNULL

programmer informs the SQL programmer ADDRESS CHAR(30) NOT NULL

of the data base services that are required. WEIGHT REAL NOT NULL
Based on that information, the SQL TABLE JOB HIST
programmer writes an SQL module
containing all of the SQL statements needed EMPLOYEE_.ID CHAR(5) NOT NULL
by the Ada application. Guidelines and TITLE CHAR(15)
rules governing SQL module programming YEARS EMPLYD INT
are defined in the ANSI SQL standard
Database Language -SQL [2]. TABLE SALARYIIST

Table 3.2 shows an example SQL module EMPLOYEEID CHAR(S) NOT NULL
named DIXIE_CONC_INTERFACE. This SALARY REAL NOT NULL
SQL module contains some example SQL MERITPTS INT
statements for manipulating data in the
DIXIEDB data base.

Table 3.2. SQL Module DIXIE CONC INTERFACE

-- THIS SQL MODULE PROVIDES THE SQL STATEMENTS NEEDED BY THE

-- DIXIEAPPLICATION.ADA PROGRAM.

-- HEADER INFORMATION SECTION

MODULE DIXIECONCINTERFACE -- MODULE NAME

LANGUAGE ADA -- LANGUAGE OF CALLING PROGRAM

AUTHORIZATION DIXIEDB -- PROVIDES DEFAULT DB HANDLE

-- DECLARE STATEMENTS SECTION

6/19/90 page 9
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DECLARE SCHEMA FILENAME 'DIXIEDB' -- DECLARATION OF THE DATABASE

DECLARE EMPLROW CURSOR FOR

SELECT EMPLOYEE ID, LASTNAME, FIRSTNAME, ADDRESS, WEIGHT FROM EMPLOYEES

WHERE EMPLOYEEID - INPUTEMPLOYEEID

-- PROCEDURE SECTION

-- THIS PROCEDURE USES THE DEC RDB EXECUTABLE FORM FOR STARTING A TRANSACTION

-- THIS PROCEDURE IS ONLY USED WITH THE DEC RDB DBMS

PROCEDURE SETTRANSACTION

SQLCODE;

SET TRANSACTION READ WRITE;

-- THIS PROCEDURE OPENS THE CURSOR THAT HAS BEEN DECLARED FOR EMPLCfEES TABLE

PROCEDURE OPENEMPLOYEESCURSOR

INPUTEMPLOYEEID CHAR(5)

SQLCODE;

OPEN EMPLROW;

-- THIS PROCEDURE FETCHES THE DATA FROM THE OPENED EMPLROW CURSOR )
PROCEDURE FETCHEMPLOYEES

OUTPUTEMPLOYEEID CHAR(5)

OUTPUT LAST NAME CHAR(10)

OUTPUTFIRSTNAME CHAR(10)

OUTPUTADDRESS CHAR(30)

OUTPUTWEIGHT REAL

SQLCODE;

FETCH EMPLROW INTO OUTPUTEMPLOYEEID,

OUTPUTLAST_NAME,

OUTPUT_FIRSTNAME,

OUTPUT-_ADDRESS,

OUTPUTWEIGHT;

-- THIS PROCEDURE UPDATES THE SALARYHISTORY TABLE

PROCEDURE INSERT SAL HISTROW

INPUTEMPLOYEE ID CHAR(5)

INPUTSALARY REAL

INPUTMERITPTS INT MERITIND SMALLINT

SQLCODE;

page 10 6/19/90
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INSERT INTO SALARYHIST

VALUES (INPUTEMPLOYEEID, INPUTSALARY, INPUTMERITPTS MERITIND);

-- THIS PROCEDURE UPDATES THE JOBHIST TABLE

PROCEDURE UPDATEJOB HIST

INPUTEMPLOYEEID CHAR(5)

SQLCODE;

UPDATE JOBHIST

SET YEARSEMPLYD - YEARSEMPLYD + 1

WHERE EMPLOYEEID - INPUTEMPLOYEEID;

-- THIS PROCEDURE COMMITS THE TRANSACTION

PROCEDURE COMMITTRANSACTION

SOLCODE;

COMMIT;

-- THIS PROCEDURE ROLLS BACK THE TRANSACTION

PROCEDURE ROLLBACKTRANSACTION

SQLCODE;

ROLLBACK;

-- THIS PROCEDURE CLOSES THE EMPLROW CURSOR

PROCEDURE CLOSE EMPCURSOR

SQLCODE;

CLOSE EMPLROW;

Once the SQL module is completed, the SQL programmer hands over the module to the interface
programmer, and all further operational entry tasks in this section are the responsibility of the
interface programmer.

Before beginning domain definition, the interface programmer creates a directory to contain the
SQL module(s), the domain packages, the interface(s), and the Ada/SQL binding tool. A
characteristic of the binding tool requires that only one set of domains packages is in a directory
at any given time to avoid ambiguity. All components of the binding tool up to and including the
AbstractDomainGenerator should be compiled in the order shown in Appendix A.

3.2 INPUTS FOR DOMAIN DEFINITION AND GENERATION

Based on SQL statements coded in the SQL module, the interface programmer determines the
abstract domains needed to support the interface. Guidelines for domain determination are
explained in Guidelines for the Use of the SAME [1]. Next the interface programmer writes an
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Ada procedure, Domain_ View, to create the domain packages. This procedure instantiates
several layers of nested generics contained in Abstract Domain Generator. When
executed, it produces two or more text files, one or more lfomain Packages, and the file
Base_SpecificDomains.

The following paragraphs provide the steps and guidelines for writing the Ada procedure,
DomainView, that will generate these files.

3.3 STEPS AND GUIDELINES FOR PROCEDURE Domain View

To define the domain packages, the interface programmer always follows the same basic steps.
These steps take the form of writing an Ada procedure that instantiates each of the three levels of
nested generics within the Abstract Domain Generator generic package. This does not
mean that every procedure or generic package is uCed but that at least one generic package in
each level of the nesting must be instantiated.

The following numbe.ed steps are described in the order in which the interface programmer
writes the Ada code. Each step includes example code that implements the step and a complete
procedure template, also naming the steps, is shown in Table 3.3. Note that italics indicate user-
supplied names or values. Names can be any valid Ada name but must be used consistently
throughout the procedure.

Step 1. Import 2 packages:
AbstractDomainGenerator => contains the generics that when instantiated
generate the Domain packages and the file Base_SpecifiDomains. This
package must always be imported.

I
GeneratorSupport => conlains common declarations (mostly enumerated types
and constants). This package must always be imported.

with abstract domain_generator;
with generatorsupport; use generator_support;

Step 2. Create an Ada main procedure.

procedure Domain View is
begin

end DomainView;

Step 3. Within this procedure declare an enumerated type representing all valid names of
domain packages to be generated. These names will also appear as the filenames of the
generated packages.

Note: Duplicate package names are not allowed.

type Pack Names is
(Package_Namel, Package_Name2, Package_Name3,...);

Step 4. Instantiate the outermost generic package Abstract Domain Generator with the
type representing the domain package names. From now on, onFy the package names
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represented by Pack Names will be recognized as valid during elaboration of
subsequent generic packages.
package Dom Packs is new

abstractdomain_generator(PackNames);

Step 5. Steps 5 through 8 are repeated once for each domain package, PackageName 1,
Package Name2, etc., enumerated in Step 3. For each domain package, declare an
enumerated type representing all valid names of domains to be contained in that
domain package. From now on, only these domain names will be recognized as valid
during elaboration of subsequent generics.

Note: Duplicate domain names are not allowed.

declare
type Doms is

(DomainNamel, DomainName2, DomainName3, ... );

Step 6. Instantiate the second-level generic package, GenerateDomain_Package, with
the specific domain package name and the enumerated type Doms that represents the
domain names.

package Dom 1 is new
Dom_Packs.generate_domainpackage(Package_Namel, Doms);

Step 7. Step 7 is repeated once for each domain, Domain Namel, Domain Name2, etc.,
enumerated in Step 5. For each domain, instantiaiF a third-level genenc package with
parameters that describe the domain. Which generic and what parameters depend on
the type of domain. An example of each one of the six possible generic instantiations
is shown below, however, more detailed descriptions of each generic along with
parameter explanations are found in the next section.

-- For domains of type char, int or small int.
package First is new Dom_1.generateint_domain

(DomainNamel, DomainType, Null Indicator,
Range_Start, RangeStop) ;

-- For subtypes of domains of type char, int or small int.
package Second is new Dom _.generatesubint domain

(Domain Name2, Domain BasedOn, DomainType,
Null_Indicator, RangeStart, Range_Stop);

-- For domains of type real, decimal or double_precision.
package Third is new Dom_1.generateflt domain

(Domain Name3, DomainType, Null-Indicator,
Range_Start, RangeStop) ;

-- For subtypes of domains of type real, decimal or
-- double-Precision.
package Fourth is new Dom_1.generatesubflt domain

(Domain Name4, Domain.BasedOn, DomainType,
Null_Indicator, RangeStart, Range_Stop);
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-- For domains of type enumeration.
type Vals is (Value_1, Value_2, Value 3, ... );
package Fifth is new Dom _.generateenum-domain

(Vals, DomainName5, Domain_Type, NullIndicator);

-- For subtypes of domains of enumeration.
package Sixth is new Dom _.generatesubenum domain

(Domain Name6, Domain Based_On, Domain_Type,
Null_Indicator, Range_Start, Range_Stop);

Step 8. After defining all the domains for a single domain package, invoke the generic
procedure StartGeneration.

begin
Dom_ 1.startgeneration;

end;

Now, repeat Steps 5 through 8 for the next domain package.

Step 9. After defining all domain packages, invoke the generic procedure

GenerateBase_Specific.

DomPacks.generatebasespecifc;

Step 10. Compile the procedure and correct any indicated errors.

Step 11. Execute the procedure.
All of the Ada code required by Steps 1 through 9 is shown in template form in Table 3.3. When
writing a domain definition and generation procedure, use this template as a guide substituting
desired names and values for any expressions in italics.

Table 3.3. Domain Definition Template

with abstractdomain-generator; -- Step 1

with generator support, use generatorsupport;

procedure DomainView is -- Step 2

type PackNames is -- Step 3

(PackageNamel, PackageName2, PackageName3, ... );

package Dom Packs is new abscractdomaingenerator(PackNames); -- Step 4

begin

declare -- Step 5

type Doms is (DomainNamel, Domain_Name2, DomainName3, ... );

package Dom_I is new -- Step 6
DoaPacks.generate domainpackage(PackageNamel, Doms);
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-- For domains of type char, int or smallint. -- Step 7

package First is new Dom l.generateint domain(DomainNamel,

DomainType, NullIndicator, RangeStart, RangeStop);

-- For subtypes of domains of type char, int or smallint.

package Second is new Dom_l.generate-subintdomain(DomainName2,

DomainBased On, DomainType, Null-Indicator, RangeStart,

RangeStop);

-- For domains of type real, decimal or double_precision.

package Third is new Dom_1.generate_flt_domain(DomainName3,

DomainType, NullIndicator, RangeStart, RangeStop);

-- For subtypes of domains of type real, decimal or

doubleprecis ion.

package Fourth is new Dom l.generatesubflt_domain(DomainName4,

DomainBased On, Domain-Type, Null_Indicator, RangeStart,

RangeStop);

-- For domains of type enumeration.

type Vals is (Value_1, Value_2, Value 3, ... );

package Fifth is new Dom 1.generateenum domain(Vals, DomainName5,

Domain-Type, NullIndicator);

-- For subtypes of domains of enumeration.

package Sixth is new Doml.generate_subenum domain(Domain_Name6,

DomainBased On, Domain-Type, NullIndicator, RangeStart,

Range_Stop);

-- Additional domains here...

begin -- Step 8

Dom_1. start-generation;

end;

-- Additional domain packages here...

DomPacks.generatebase_specifc; -- Step 9

end Domain_View;

3.4 DETAILED DESCRIPTION OF DOMAIN GENERICS

Each individual domain definition uses a different generic and a different subset of the the
domain generic parameters depending on its SQL type, such as "char" or "int." Each domain to
be defined will be of one of the SQL types and, depending on the type, will use one of six
possible generics. Domains can be instantiated during Step 7 in any order (regardless of type)
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with the important exception that any subtype generic must defined only after its parent domain
has been defined via a generic instantiation. Descriptions, syntactic and semantic guidelines, and
examples of the set of domain generic parameters and each of the six type-based generics are
provided in the following paragraphs.

3.4.1 Domain Generic Parameter Set

All of the domain generics use some subset of these seven parameters. This paragraph provides
general guidelines, rules, &id examples for assigning values to these parameters.

1. Domain Name -The name of the domain being defined. The name should be descriptive
of the d6nain, however, avoid adding such things as "domain," "type," or "notnull" to the
names. These suffixes will be added automatically where appropriate.

Example-> Parts _Numbers for a domain describing columns that will contain part
numbers or EmployeeName for a domain describing columns that contain
names.

2. Domain Based On-The name of the parent domain on which the subtype to be defined is
based. Rememberthat the parent domain must already be defined before defining the
subtype.

Example-> P artNumbers_Over_1 0 0 0 for a subtype based on the Part_Number domain
or EmployeeNamesLToS for a subtype based on the EmployeeNames
domains.

3. Domain Type-The don tn's or subtype's SQL type. Subtypes are, of course, always of )
the same type as the parent aomain. The valid SQL types, as defined in the SAME package
Sql_Standard, are char, int, smallint, real, decimal, double-precision, and enumeration.

Example-> char for an SQL character domain or real for an SQL real domain.

4. Null Indicator-This domain's null bearing state and always one of:

* null and not null if the domain has both null bearing and not null types.

* contains-null if the domain isnull bearing.

* notnull if the domain is not null bearing.

A characteristic of the SAME support packages and their treatment of null values is the
inability to preform the Ada assign procedure on variables of numeric, null bearing
(contains_ nul 1) domains or subtypes. Therefore, if a numeric domain or subtype
needs to be defined as null bearing, but the assign procedure will also be needed, use the
null and not null indicator.

Example-> not null for a domain describing columns that are constrained to never
contan a null value.

5. RangeStart-A value representing the beginning of a domain's range. For domains or
domain subtypes of type char, int, or smallint, this value is always an numeric integer. For
domains or domain subtypes of type real, decimal, or doubleprecision, this value is always
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an numeric real. Domains of type enumeration have no ranges, but for enumeration domain
subtypes, this value is one of the parent domain's enumerated values.

Example-> 4 for a domain of type char describing columns will be at least 4 characters long
or 5.5 for a domain of type decimal describing columns with a value of at least
5.5.

6. Range_St op-A value representing the end of a domain's range.

Example-> 3 0 for a domain of type char describing columns will be no longer than 30
characters long or 2 3. 6 for a domain of type decimal describing columns with a
value no higher than 23.6.

7. Vals-The name of the enumerated type declaring all of the valid enumeration values for a
domain of type enumeration.

Example-> In type color_vals is (red, blue, green), color_vals is the name of the enumerated
type, and thus, is the parameter value.

3.4.2 Generics for Char, Int, and Smallint Domains and Subtypes

The Generate Int Domain generic is used to define domains of type char, int, or smallint.
Its generalized syntax is:

package APackage_Name is new
Second LevelGeneric PackageName.generateint_domain
(DomainName, DomainType, NullIndicator,

RangeStart, Range_Stop);

Example ->

package First is new Domain_l.generateint_domain
(Employee_Id, int, nullandnot_null, 0, 999);

Resulting generated domain definition->

type employee id notnull is new sql int_notnull range 0..999;
type employee id type is new sql_int;
package employeeidops is new

sql_int_ops (employee_idtype, employeeid notnull);

The GenerateSubintDomain is used to define subtypes of type char, int, or small int. Its

generalized syntax is:

package APackage_Name is new
Second Level GenericPackageName.generatesubint domain
(Domain Name, Domain Based On, nomainType,
Null-Indicator, Range_Start, Range_Stop);
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Example ->

package Second is new domainl.generatesub domain
(IdOver_50, EmployeeId, int, null_-andnotnull, 50, 999);

Resulting generated domain definition->

subtype id over 50 notnull is employee id not null
range 51. .100;

subtype id over 50 type is new employeeidtype;
package id over 50_ops is new

sql_it_ops(id-over_50_type, idover_50_notnull);

3.4.3 Generics for Real, Decimal and Double-Precision Domains and Subtypes

The Generate Flt Domain is used for domains of type real, decimal, or double-precision.
Its generalized syntax is:

package APackageName is new
SecondLevelGenericPackageName.generate flt domain

(Domain-Name, DomainType, NullIndicator,
Range_Start, RangeStop) ;

Example ->

package Third is new Domainl.generate_flt domain
(Weekly_Earnings, decimal, notnull, 0.00, 1500.00);

Resulting generated domain definition->

type weeklyearningsnotnull is new sql_realnotnull
range 0.00..1500.00;

The Generate Subflt Domain is used for subtypes of type real, decimal, or
double-precision. Its generalized syntax is:
package A PackageName is new

Second LevelGenezic Packa geName.generate_subfltdomain
(Doma-n Name, Domain Based On, Domain-Type,
Null_-ndicator, Range_Start, Range_Stop);

Example ->

package Fourth is new Domain_l.generatesubfltdomain
(LowEarnings, decimal, notnull, 0.00, 500.00);

Resulting generated domain definition->

subtype lowearningsnot null is weeklyearningsnot null
range 0.00..500.00;

3.4.4 Generics for Enumeration Domains and Subtypes

The GenerateEnumDomain is used for domains of type enumeration. Its generalized
syntax is:
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type Vals is (Value 1, Value_2, Value_3, ... );
package APackageName is new

SecondLevelGenericPackageName.generate_enum domain
(Vals, DomainName, DomainType, NullIndicator);

Example ->

type Color Vals is (red, white, blue);
package Fifth is new domainl.generateenum domain

(ColorVals, Colors, enumeration, nullandnotnull);

Resulting generated domain definition->

type colorsnotnull is (red, white, blue);
package colors_ops is new

sqlenumeration_pkg(colors notnull);
type colors_type is new colors_ops.sql enumeration;

The GenerateSubintDomain is used for subtypes of type enumeration. Its generalized
syntax is:
package APackageName is new

Second Level Generic PackageName.generatesubenum domain
(Domain Name, Domain Based On, DomainType, Null_I-ndicator,
"Range_Start", "Range_Stop") ;

Note: The range values for enumeration subtypes must in double quotes.

Example ->

package Sixth is new domainl.generateenum domain
(ColorsNot Red, Colors, enumeration, nulland notnull,
"White", "Blue") ;

Resulting generated domain definition->

subtype colors not red not null is colors not null
range w-hite-..bfue;- -

package colors notred_ops is new
sql_enumerationpkg(colorsnotrednotnull);

type colorsnotredtype is new
colors_notred-ops.sql_enumeration;

3.5 EXAMPLE DOMAIN DEFINITION PROCEDURE

Given the parameters used in the SQL module shown in Table 3.2, seven domains can be
defined. The code in Table 3.4 can be used to generate those domain definitions and was written
using the template illustrated in Table 3.3 as a guideline. In essence, the code was written by fill-
in-the-blank technique.
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Table 3.4. Example Domain Definition Procedure DixieDomain View

-- This procedure is used to define and generate abstract domains

-- corresponding to column types in the dixiedb data base.

with abstractdomain_generator; -- Step 1

with generator support; use generatorsupport;

procedure dixiedomainview is -- Step 2

type package_names is -- Step 3

(dixieemployee defpkg, dixiesalarydefpkg);

package dompacks is new abstractdomaingenerator -- Step 4

(package-names) ;

begin

declare -- Step 5

type doms is (employeeid, name, address, weight);

package domain_1 is new dompacks.generatedomainpackage -- Step 6

(dixie employee def_pkg, doms);

package first is new domainl.generateint domain -- Step 7

(employeeid, char, notnull, 1, 5);

package second is new domainl.generateint domain

(name, char, notnull, 1, 10);

package third is new domain_l.generateintdomain

(address, char, notnull, 1, 30);

package four is new domain l.generatefltdomain

(weight, real, notnull, 0.0, 300.0);

begin Step 8

domain_1 .startgeneration;

end;

-- Repeated Steps 5 - 8 below for the second domain package

declare

type doms is (title, points, salary);

package domain_2 is new dom packs.generatedomain package

(dixie-salarydef_pkg, doms);
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package five is new domain_2.generate_int_domain

(title, char, containsnull, 1, 15);

package six is new domain 2.generateint domain

(points, int, nullandnotnull, 0, 99);

package seven is new domain_2.generate_flt_domain

(salary, decimal, notnull, 0.00, 99000.00);

begin

domain_2.start_generation;

end;

dompacks.generatebasespecific; -- Step 9

end dixie domain view;

3.6 RESULTS OF OPERATION

The end results of the Dixie Domain View procedure are the generated domain packages,
DixieEmployeeDef_Pkg and DixieSalary_Def_Pkg, and the file
Base_Specif ic_Domains. Table 3.5 illustrates these generated products.

Table 3.5. Generated Products

Di.iqe...ployeDpef,.Pkg - Specif ication

with sqlchar_pkg;

use sqlcharpkg;

with sqlreal pkg;

use sqlrealpkg;

package dixieemployeedefpkg is

type employeeidnnbase is new sql_charpkg.sqlcharnotnull;

subtype employee idnotnull is employee_idnnbase (i..5);

type namenn-base is new sqlchar pkg.sql__char__notnull;

subtype namenotnull is namennbase (1..10);

type addressnnbase is new sql charpkg.sqlcharnot null;

subtype address notnull is addressnnbase (1..30);

type weightnotnull is new sqlrealnotnull
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range 0.00000..300.00000;

end dixie employee def pkg;

DixieSalary Def..Pkg - Specification

with sqlchar_pkg;

use sqlchar_pkg;

with sqlint_pkg;

use sqlint_pkg;

with sqlreal pkg;
use sql realJpkg;

package dixiesalary_def pkg is

type titlebase is new sqlcharpkg.sql_char;

subtype title-type is titlebase;

type pointsnotnull is new sql_int_notnull

range 0..99;

type pointstype is new sql int;

package pointsops is new

sqlintops (points type, pointsnotnull);

type salarynotnull is new sql_realnotnull

range 0.00000..99000.00000;

end dixie_salarydef pkg;

Base-Specific_Domains - Specification

with generator-support;

use generator-support;

package basespecificdomains is

type base_specificdomain-types is (employee id not null, namenotnull,

addressnot_null, weightnotnull, titletype, pointsnotnull,

points-type, salarynot null, nulldomain type);

type corresponding-concrete types is (employee id notnull_char_5,

namenotnull_char_10, address notnull_char_30,

weightnot nullreal, titletypechar 15, points_notnull int,

pointstypeint, salarynotnull real);
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type validdomain-names is (dixieemployee def_pkg, dixie_salary defpkg);

type opspackages is (points.ops);

longestenumvalue : constant integer :- 0;

type domainpackagearray is array (positive range <>) of

validdomainnames;

end basespecificdomains;

These packages are to be compiled with no further coding. Once compiled, the domain packages
are made available to the application programmer, and the Base Specific_ Domains
package is ready for input during interface definition and generafon.

3.7 SUMMARY

In summary, the following tasks must be performed during domain definition and generation.

Table 3.6. Tasks to be Performed During Domain Definition and Generation

Tasks Outcome

1. Create a working directory containing the
compiled ADA/SQL binding tool.

2. Using the SQL Module, determine the
necessary domain definitions.

3. Write an Ada procedure using
Abstract Domain Generatorto
describe the-domains. Tse the template
provided in Table 3.3.

4. Compile and execute the procedure. Two or more files: the domain packages
and the package
BaseSpecificDomains.

5. Compile the domain packages. Semantically correct SAME domains to
support the application.

6. Compile the package Base Semantically correct package describing the
SpecificDomains forater input valid domains.
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Section 4
Defining and Generating the Interface

4.1 GENERAL PREPARATION

After compiling the domain packages and the file Base_Speci fic Domains, the interface
programmer compiles the packages Concrete_Package and AbstractInter face_
Generator. Both of these packages import the Base_SpecificDomains specification,
and because the information in Base_SpecificDomains is specific to each set of domain
packages, compilation of AbstractInterfaceGenerator and ConcretePackage is
required with every new Base Specific Domains specification. After these compilations,
the interface programmer is ready to begin Oierface definition.

The programmer must refer to the SQL module to determine what Ada procedures will be
needed in the abstract interface to represent the SQL data manipulation statements in the concrete
module. There is a one-to-one mapping between procedures in the concrete module and
procedures in the abstract interface specification. Central to interface definition is the mapping
of each of the SQL statements in the SQL module to one of these Ada procedures. See
Guidelines for the Use of the SAME [1] for further explanation. When the interface programmer
writes the Ada procedure that generates the abstract interface, these Ada procedures and
parameters will be described to generate the actual interface procedures and parameters. Table
4.1 shows the SQL statement types, their matching Ada procedure, and the parameters and
modes for each kind of Ada procedure.

At this time, the interface progiammer is also responsible for providing access to DBMS
error/status calls from the application program. A feature of the SQL language provides that the
execution of every SQL statement returns a status code, SQLCODE, indicating statement
execution success or type of failure. Though there is a core of ANSI standard SQLCODE values,
some additional values are DBMS implementation dependent. The programmer determines what
types of errors are expected from the data base in the form of SQLCODE during application
program execution. Each expected error and its SQLCODE should be mapped to an enumeration
value representing that error. For example, if a fetch procedure is expected, occasionally, to
fail to find row and return a SQLCODE value of 100, the enumeration value row not found
could represent this error. An exception to this is the SQLCODE value for transacnon success.
This SQLCODE value should not be represented because it is automatically provided by the
interface. SAME also provides error processing and recovery capabilities through two SAME
packages, Sql Communications Pkg and SqlDatabase Error Pkg. These packages
can be modifiedf to meet the error processing requirements of the application. Instructions for
modifying the packages for the Digital RDB DBMS are found in Section 6.

4.2 INPUTS FOR INTERFACE DEFINITION AND GENERATION

Based on SQL statements coded in the SQL module, the interface programmer has determined
the actual Ada procedures, associated row records or individual parameters, and error processing
needed to generate the interface. At this point, a unique name should be determined for each
procedure, row record and individual parameter that will be part of the interface. Next the
interface programmer writes an Ada procedure, Interface_View, to create the abstract
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Table 4.1. SQL Statements and Corresp nding Ada Procedure Kinds

SQL Statement Type Ada Procedure Kind Ada Parameter Kind Mode

CLOSE close none

COMMIT commit none

DELETE (positione') delete-positioned none

DELETE (searched) delete searched individual parameters in

FETCH fetch row record* in out

INSERT VALUES insert values row record in

INSERT (subquery) insertsubquery individual parameters in

OPEN (cursor) open individual parameters in

ROLLBACK rollback none

SELECT selec** row record in out

individual parameters in

UPDATE (positioned) update_positioned individual parameters in )

UPDATE (searched) update-searched individual parameters in
Row record is an Ada record in which each record component represents one of the columns of an SQL row
record. A unique row record is not required for each procedure (i.e. more than one procedure can take the
same row record as a parameter).

* "Select" is a reserved word in Ada.

interface. This procedure instantiates several layers of nested generics contained in
AbstractInterface_ Generator. When executed, it produces four text files:
* The Ada specification and body (each a file) of the AbstractInterface
" The Ada specification of the ConcreteInterface
* A text file, DBMSSpecific, that contains information needed to modify the concrete

interface specification if any DBMS-required changes are needed.

The following paragraphs provide the steps and guidelines for writing the Ada procedure,
InterfaceView, that will generate these files.

4.3 STEPS AND GUIDELINES FOR PROCEDURE Interface View

To define the interface, the interface programmer always follows the same basic steps. These
steps take the form of writing an Ada procedure that instantiates each of the three levels of nested
generic within the Abstract Interface Generator generic package. This does not
mean that every procedure or generic package is used but that at least one generic package in
each level of the nesting must be instantiated.
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The following numbered steps are described in the order in which the interface programmer
writes the Ada code. Each step includes example code that implements the step and a complete
procedure template, which also shows the steps, is shown in Table 4.2. Note that italics indicate
user-supplied names and values. Names can be any valid Ada name but must be used
consistently throughout the procedure.

Step 1. Import 3 packages:

t3aseSpecific Domains => contains declarations of all valid domain packages
and domains. This package must always be imported.

Abstract Interface Generator =>contains the generics that when
instantiated generate the interface packages. This package must always be imported.

Generator Support => contains common declarations (mostly enumerated types
and constantsY. This package must always be imported.

with basespecific domains; use base_specific domains;
with abstract interface_generator;
with generator_support; use generator-support;

Step 2. Create an Ada main procedure.

procedure Interface-View is
begin

end InterfaceView;

Step 3. Within this procedure declare an enumerated type representing all valid names of the
row records needed.

Note: Duplicate record names are not allowed.

type Record Names is
(Record Namel, RecordName2, RecordName3, ... );

Step 4. Declare an enumerated type representing all valid names of the procedures needed.

[ Note: Duplicate procedure names are not allowed.,

type Procedure Names is
(ProcedureNamel, ProcedureName2, ... );

Step 5. Declare an enumerated type representing all valid names of any errors expected by the
user's application. These names will be mapped in the next step to specific SQLCODE
values.

Note: Each SQLCODE value expected requires its own named error,
and duplicate error names are not allowed. Note also that the
SQLCODE value for transaction success is not to be represented
because it is automatically provided.
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type Error Names is
(ErrorNamel, ErrorName2, ErrorName3, ... );

Step 6. Instantiate the outermost generic package.

AbstractInterfaceGenerator with the following eight parameters:

• Concrete Name String-a string representing the desired name of the
concrete interface specification. This name will also appear as the filename.

* Abstract Name String-a string representing the desired name of the
abstract interface specification and body. This name will also appear as the
filename (with appropriate extensions) for both files.

* Dbms Specific String-a string representing the desired name of the
dbms-specific text Mle. This name will appear as the filename (with the
extension ".txt".

" (1=> Domain Packagel, 2=> Domain Package2, 3=> .... ) -an
array of the donin package names that will be -used by this interface. These are
the packages (generated by the steps in Section 4) containing the domain
declarations. From now on, only the domains in these packages will be
recognized as valid domains during elaboration of subsequent generics.

* Record Names-the previously enumerated type representing all valid row
record naes. Only these record names will be recognized as valid during )
elaboration of subsequent generics.

" ProcedureNames-the previously enumerated type representing all valid
procedure names. Only these procedure names will be recognized as valid during
elaboration of subsequent generics.

* ErrorNames-the previously enumerated type representing all valid error
names. Only these error names will be recognized as valid during elaboration of
subsequent generics.

" (1=> Error Valuel, 2=> Error Value2, 3=> .... ) -an aray of
integer values representing the SQLCODE'values expected from the data base and
corresponding to the errors named previously. The error values must be
enumerated in exactly the same order as their corresponding errors were
enumerated.

Example:
package Int Packs is new abstract interfacegenerator

("Concrete NameString","Abstract NameString",
"Dbms_ Specific tring", (1=> DomainPackagel, 2=>
DomainPackage2, 3=> .... ),Record Names, ProcedureNames,
Error_Names, (1=> ErrorValuel, 2=> ErrorValue2, 3=> ....));

Step 7. Steps 7 through 10 are repeated once for each row record, Record Namel,
Record Name2, etc., enumerated in Step 3. For each row record, declare an
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enumerated type representing the name of each component of the row record. Record
component names should be descriptive of their corresponding SQL column.

Note: If this record is to be used to track string truncation, the
components must be named exactly the same as the corresponding
component in the row record.

declare
type RecComponents is

(ComponentNamel, ComponentName2, ... );

Step 8. Instantiate a second-level generic package RecordGenerator with

• the type, RecComponents, representing the components enumerated in the
previous step

• the name of the record from the enumerated list in Step 3
* a boolean value indicating that the record is used for returning SQL indicator

values to the application (true), or if it is used to store or fetch an SQL row
(false).

From now on, only these component names will be recognized as valid component
names for this row record during elaboration of subsequent generics.

package Rec_1 is new IntPacks.record_generator
(Rec Components, RecordNamel, trueorfalsevalue);

Step 9. Step 9 is repeated once for each component, ComponentNamel,
Component Name2, etc., in a particular record and in the same order as the
components are enumerated in Step 7. Instantiate a third-level generic package,
Component Generator, with two parameters. The first parameter is the record
component's n'ame from the set of names enumerated in Step 7. The second parameter
is the component's domain type as declared in one of the domains packages of Step 6.
If this record is to be used for tracking string truncation, however, the second
parameter is not given.

package Com 1 is new Rec_1.componentgenerator
(ComponentNamel, ComponentDomain);

Repeat this step for the next component of this row record.

Step 10. After defining all row records, invoke the procedure GenerateRecord.

begin
Rec _.generaterecord;

end;

Now, repeat Steps 7 through 10 for the next row record.

Step 11. Step 11 is repeated once for each procedure, ProcedureNamel, Procedure
Name2, etc., enumerated in Step 4. For each procedure, instantiate a second-level (and
possibly third-level) generic package with parameters that describe the procedure and
invoke the generic procedure Generate Procedure. Which generic to instantiate
and what parameters to use depend on wFkether the procedure itself has parameters.
An example of each one of the two possible generic instantiations is shown here,
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however, more detailed descriptions of each generic, along with parameter
explanations, are found in the next section.

-- For procedures without parameters.
declare
package Procedure 1 is new
IntPacks.procedurewithout_parameters_generator
(ProcedureName, ProcedureType, "ConcreteProc Name");

begin
Procedure l.generate_procedure;

end;

-- For procedures with parameters.
declare
type Abstract Params is

(AbsParameterNamel, AbsParameterName2,

type Concrete Params is
(ConcParameterNamel, ConcParameterName2, ... );

package Procedure 2 is new
Int Packs.procedurewith_parameters_generator
(Procedure Name, AbstractParams,
Procedure__Type,
"Concrete Proc Name", Concrete Params
(1=>Error_1, 2=> Error_2, ••.));
package Param I is new

Procedure 2.params of domaintypegenerator
(Abs Parameter_Name, ParameterType);

package Param 2 is new
Procedure 2.paramsofrecordtypegenerator

(Abs Parameter_Name, Record_Type);
package P-aram 3 is new

Procedure 2.params_of_boolean_typegenerator
(Abs Parameter Name) ;

package Param 4 is new
Procedure_2.params_of_error_conditionsgenerator

(AbsParameter_Name);

begin
Procedure 2. generate_procedure;

end;

Repeat this step for the next procedure.

Step 12. After defining all row records and procedures invoke the generic procedure

GenerateInterface.

Int_Packs.generateinterface;

Step 13. Compile the procedure and correct any indicated errors.

Step 14. Execute the procedure.
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All of the Ada code required by Steps I through 12 is shown in template form in Table 4.2.
When writing an interface definition and generation procedure, use this template as a guide,
substituting desired names and values for any expressions in italics.

Table 4.2. Interface Definition Template

with base specific domains; use basespecificdomains; -- Step 1

with abstractinterface_generator;

with generatorsupport; use generator_support;

procedure InterfaceView is -- Step 2

type RecordNames is -- Step 3

(RecordNamel, RecordName2, Record Name3, ... );

type Procedure Names is -- Step 4

(Procedure Namel, Procedure Name2, Procedure Name3, ... );

type ErrorNames is -- Step 5

(ErrorNamel, ErrorName2, ErrorName3, ... 1;

package IntPacks is new abstractinterfacegenerator -- Step 6

(."ConcreteNameStrirg ", "AbstractName String",

"DbmsSpecifc String",

(1-> DomainPackagel, 2-> Domain Package2, 3->....),

Record Names, ProcedureNames, ErrorNames,

(1=> ErrorValuel, 2-> ErrorValue2, 3->....));

begin

declare -- Step 7

type Rec Components is

(ComponentNamel, ComponentName2, ComponentName3, ... );

package Rec_1 is new Int_Packs.recordgenerator -- Step 8

(RecComponents, RecordNamel, Rec Indicator);

package Com_11 is new Recl.componentgenerator -- Step 9

(ComponentNamel, ComponentDomain);

package Com_12 is new Rec l.componentgenerator

(ComponentName2, ComponentDomain);

package Corn_13 is new Rec l.componentgenerator

(ComponentName3, ComponentDomain);
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-- Additional record components here...

begin -- Step 10

Rec 1.generaterecord;

end;

-- Additional row records here...

-- For procedures without parameters. -- Step 11

declare

package ProcedureI is new

IntPacks.procedurewithoutparameters_generator

(ProcedureName, ProcedureType, "ConcreteProc Name");

begin

Procedurel.generateprocedure;

end;

-- For procedures with parameters.

declare

type AbstractParams is

(AbsParameterNamel, Abs ParameterName2, ... );

type ConcreteParams is

(ConcParameterNamel, ConcParameterName2, ... );

package Procedure_2 is new

IntPacks. procedurewith_parametersgenerator

(ProcedureName, AbstractParams, ProcedureType,

"Concrete Proc Name", Concrete Params,

(1->Error_1, 2-> Error_2, ... ));

package Param_1 is new

Procedure_2.params_of_domain typegenerator

(AbsParameterName, Parameter Type) ;

package Param 2 is new

Procedure 2.pa rams_of_record_typegenerator

(AbsParameter Name, Record Type) ;

package Param 3 is new

Procedure_2.params of boolean typegenerator

(AbsParameterName);

package Param_4 is new

Procedure_2.paramsof error conditionsgenerator

(Abs_Parameter_Name);
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-- Additional parameters here...

begin

Procedure_2.generate_procedure;

end;

-- Additional procedures here...

Int_Packs.generateinterface; -- Step 12

end Interface View;

4.4 DETAILED DESCRIPTION OF PROCEDURE GENERICS

As shown previously, there are two types of procedure definition generics, one for procedures
with parameters and one for procedures without parameters. An additional third-level generic is
used for procedures with parameters to define each of the procedure parameters. Refer to Table
4.1 for a listing of procedures that take parameters. Descriptions, syntactic and semantic
guidelines, and examples of the two types of procedure generics are provided below.

4.4.1 Procedures without Parameters

The generic Procedure Without Parameters Generator is used to generate the Ada
procedures correspondingTo the SQL 'tatements that d-o not take parameters, such as procedure
commit. This generic is instantiated with three parameters:
* ProcedureName-a procedure name from the previously enumerated list of procedure

names represented by the type ProcedureNames in Paragraph 4.3, Step 4.
" Procedure Type-the type of procedure, such as updatepositioned, or close.

Table 4.1 shows the 12 possible procedure types.
* Concrete Proc Name-a string in double quotes representing the name of the

correspondirTg procedure ir the SQL module. The abstract procedure name and the concrete
procedure name do not have to be the same.

Following each instantiation of this generic, invoke the generic procedure GenerateProcedure.
The generalized syntax is:

declare
package Procedure 1 is new

Int__Packs.procedurewithoutparameter s_generator
(ProcedureName, ProcedureType, "Concrete Proc Name");

begin
Procedure_ l.generateprocedure;

end;

Example ->

declare
package Procl is new

Int Packs.procedurewithoutparameters_generator
(StartOver, Rollback, "RollbackTransaction");
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begin
Proc .generate_procedure;

end;

4.4.2 Procedures with Parameters

The Procedure With Parameters Generator is used to generate the Ada procedures
corresponding to the SQL statements that do take parameters, such as procedure fet ch. When
defining the Ada procedures with parameters, it is not necessary to indicate parameter mode. All
modes are automatically built into the abstract interface based on procedure kind (see Table 4. 1).
Defining procedures with parameters requires the following steps:

Step 1. Declare an enumerated type representing the parameters for this specific abstract
procedure.

Note: Indicator parameters are not declared here since they are generated

Parameters can be:
* A single parameter of domain type where that domain type is one of the domain

types in the domain packages.
" A record parameter of record type where that record type is one of the record types

declared in Paragraph 4.3, Step 3 for a row record or string indicator record.

Either:
* A parameter of boolean type used to return a true or false value as SQL statement

result information to the application. This boolean result parameter can either be
mapped to one (and only one) of the expected errors or to no expected errors. In
the first case, the result parameter will be returned automatically as false to the
application if the Ada procedure's corresponding SQL statement returns the
SQLCODE for that one expected error. In the second case, the result parameter
will be returned automatically as false to the application if the Ada procedure's
corresponding SQL statement results in an SQLCODE value not equal to 0 (i.e., if
the statement fails for whatever reason). In this instance, the application is only
interested in pass/fall information, not the reason the statement failed.

Or:
* A parameter name to return an expected error (from the set of errors declared in

Paragraph 4.3, Step 5). Thls error condition result parameter will be used to return
the applicable error based on SQLCODE returned from the SQL statement. This
parameter will be associated with a specific subset of expected errors in the
following Step 3.

Note: Declaring both a boolean result parameter and an errr condition
result parameter is not allowed. Duplicate parameter names are also
not allowed.

The generalized syntax is:

declare
type Abstract Params is

(AbsParameterNamel, AbsParameterName2, ... );
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Example ->
declare
type Proc2 Abs Params is

(EmployeeId, PersonnelRecord, RowNotFound);

Step 2. Next, declare an enumerated type representing the parameters to the corresponding
concrete procedure in the SQL module. Parameters must be listed in the same order as
those in the SQL module procedure. Parameters can be:
• A single domain type parameter from the list of abstract parameters.
• A record component type parameter. If a record was one of the parameters to the

abstract interface, then every component of that record must be represented by a
separate component type parameter in this step. The record itself may not be used,
only its separate components.

Either:

* The boolean type result parameter from the list of parameters represented by
AbstractParams.

Or:

The error condition type result parameter from the list of parameters represented by
AbstractParams.

Note: Duplicate parameter names are not allowed.

The generalized syntax is:
type Concrete Params is

(Conc_ParameterNamel, ConcParameterName2, ... );

Example ->
type Proc2 Conc Params is

(Employee_Id, Name, Address, IdNumber,
RowNotFound);

-- Name, Address, Id Number are the components of
PersonnelRecord.

Step 3. Instantiate the ProcedureWithParametersGenerator with six parameters:

* Procedure Name--the procedure name from the previously enumerated list of
procedure names represented by the type Procedure Names in Paragraph 4.3,
Step 4.

* Abstract Params-the enumerated type representing the procedure's abstract
parameters 8Teclared in step 1 above.

* ProcedureType-the type of procedure, such as updatepositioned, or
close. Table 4.1 shows the 12 possible procedure types.
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* Concrete Proc Name--a string in double quotes representing the name of the
corresponding procedure in the SQL module. The abstract procedure name and the
concrete procedure name do not have to be the same.

* Concrete Params-the enumerated type representing the procedure's concrete
parameters declared in Step 2.

* (1=> Error_1, 2=> Error 2, . .. )-any one of anumberof errors
expected from the data base. Eacherror must be of the valid errors declared in
Paragraph 4.3, step 5. The error condition type result parameter in step 1 represents
this error set. If a boolean type parameter was specified in the Abstract Params
declaration of step 1, then either give only one expected error or give no errors.

The generalized syntax is:
package Procedure 2 is new

Int Packs.procedure withparameters_generator
(Procedure Name, AbstractParams, Procedure Type,
"Concrete ProcName", ConcreteParams,
(1=>Error_1, 2=> Error_2, ... ));

Example when AbstractParams has an error condition type result parameter->
package Proc2 is new

Int Packs.procedure withparameters_generator
(FetchOnId, AbstractPars, fetch, "Id Fetch",
ConcretePars, (1=>row_not_found, 2=> badrecord));

Example when AbstractEarams has a boolean type re3ult parameter (one error)-> )
package Proc2 is new

Int Packs.procedure with parametersaenerator
(Update On Id, AbstractPars, update, "IdUpdate",
Concrete_Pars, (l=>row_not_found));

Example when AbstractParams has a boolean type result parameter (no errors)->
package Proe2 is new

Int Packs.procedure withyparameters_generator
(Delete On Id, AbstractPars, delete, "IdDelete",
Concrete_Pars);

Step 4. Next, instantiate one of four parameter generics for each parameter of the abstract
procedure represented by type AbstractParams. Which parameter generic used
depends on parameter type:

For domain type parameters-instantiate the generic Params Of Domain
Typo_Generator with two parameters. The first parameter, Abs_
Parameter_Name, is the name of the parameter from the list represented by
Abstract Params. The second parameter, ParameterType, is the abstract.
domain typ-of this parameter.

The generalized syntax is:
package Param 1 is new

Procedure_2.params_of_domain type-generator
(AbsParameterName, ParameterType);
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package FirstParameter is new
Proc2.params_of_domain-type-generator

(EmployeeId, IdNumbersNotNull);

For record type parameters--instantiate the generic Params Of _Record_
Type_Generator with two parameters. The first parameter, Abs
ParameterName, is the name of the record from the list represented by
Abstract Params. The second parameter, RecordType, is the record type
of this parameter. The generalized syntax is:

package Param 2 is new
Procedure_2.params_of record_type.generator

(Abs ParameterName, Record Type);

Example->
package Second_Parameter is new
Proc2.params of_record typegenerator

(Personnel_Record, EmployeeRecType);

" For boolean result parameters-instantiate the generic Params_OfBoolean
TypeGenerator with one parameter, AbsParameterName, the name of thi
parameter from the list represented by AbstractParams. The generalized syntax
is:

package Param 3 is new
Procedure_2.params-ofboolean-type-generator

(AbsParameterName);

Example->
package Third_Parameter is new

Proc2.params.of.boolean_type-generator
(Employee.Exists);

0 For error condition result parameters-instantiate the generic Params_Of_Error
Conditions_Generator with one parameter, AbsParameterName, the name of le
parameter from the list represented by AbstractParams.

package Param 4 is new
Procedure._2.paramsof_ error__conditions-generator

(AbsParameterName);

Example->
package FourthParameter is new

Proc2.params of errorconditions_generator
(ErrorResult);

Step 5. Following each complete procedure and parameters definition, invoke the generic
procedure GenerateProcedure. This generalized syntax is:

begin
Procedure_2. generateprocedure;

end;
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Example ->
begin
Proc2.generate_procedure;

end;

4.5 EXAMPLE INTERFACE DEFINITION PROCEDURE

Given the procedures and parameters used in the SQL module shown in Table 3.1, eight
procedures and two row records require definition. The code in Table 4.3 can be used to
generate an interface for those procedures and was written using the template illustrated in Table
4.2 as a guideline. As with the domain definition procedure, the code was written by fill-in-the-
blank technique.

Table 4.3. Example Interface Definition Procedure DixieInterface View

- This procedure is used to define and generate the abstract interface

- corresponding to the SQL statements in the SQL module dixie conc interface.

with base specificdomains; use base specificdomains; Step 1

with abstract interfacegenerator;

with generator-support; use generator support; )

procedure dixieinterfaceview is Step 2

type therecords is (emprec, salrec); -- Step 3

type theprocedures is (startup, openemp_cursor, Step 4

emp_fetch, newsalrow, addyear,

keepit, trashit, closeemp_cursor);

type theerrors is (row-notfound, cursor-already_open, -- Step 5

no duplicates, cursor notopen);

package makeinterface is hew abstractinterfacegenerator Step 6

("dixie-concinterface", "dixie absinterface",

"dixie dbms specific",

(1-> dixie employee def-pkg, 2-> dixiesalarydef_pkg),

therecords, the_procedures, the errors,

(1-> 100, 2-> 1001, 3-> -803, 4-> -501));
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begin

declare -- Step 7

type rec-compsl is (exnp_id, emplastname, emp_firstname,

emp-address, emp weight);

package redl is new make-interface.record .generator -- Step 8

(rec-conpsl, emp-rec, false);

package compill is new recl.component generator -- Step 9

(emp-id, employee -id -not-null);

package compl12 is new recl.coxnponent generator

(emp-lastname, name -not -null);

package comp 13 is new recl.component,-generator

(emp-firstname, name-not-null);

package compl14 is new recl.component generator

(emp__address, address Tnot -null);

package comp-15 is new recl.coxnponent_generator

(emp-weight, weight-not-null);

begin -- Step 10

red .generate-record;

end;

-- Repeated Steps 7 - 10 below for the second record

declare

type rec-comps2 is (new-erpid, new_emp-sal, new empypts);

package rec2 is new make-interface.record,_generator

(rec-conps2, sal_rec, false);

package comp 21 is new rec2.component_generator

(new-emp-id, employee-id-not-null);

package comp-22 is new rec2.component_generator

(new_ernp_sal, salary-.not -null);

package comp__23 is new rec2.component_generator

(new emppts, points-type);
begin

rec2 .generate-record;

end;
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declare -- Step 11

package procl is new

makeinterface.procedurewithout_parameters_generator

(startup, commit, "settransaction");

-- The set transaction SQL procedure is only used with the RDB DBMS.

-- Therefore, it is not one of the standard SQL statement types and has

-- no corresponding ada procedure kind. "commit" can be used though

-- because it too is a kind of procedure without parameters like set

-- transaction.

begin

procl.generate procedure;

end;

-- Repeated step 11 for seven additional procedures

declare

package proc2 is new

make interface.procedurewithout_parametersgenerator

(keep-it, commit, "commit-transaction");

begin

proc2.generateprocedure;

end;

declare

package proc3 is new

makeinterface.procedure withoutparameters_generator

(close_empcursor, close, "closeempcursor");

begin

proc3.generateprocedure;

end;

declare

package proc4 is new

make interface.procedurewithout_parametersgenerator

(trashit, rollback, "rollback-transaction");

begin

proc4.generate procedure;

end;
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declare

type absparams5 is (in_emp_id, result);

type conparans5 is (in_emp_id, result);

package proc5 is new make-interface.procedure-withoutyparameters generator

(open emp cursor, absyparams5, open, "open employees_cursor",

conyParams5, (1=> cursor already-open));

package param5l is new proc5.pararns Tof -domain-type generator

(in emp id, employee-id-not-null);

package param52 is new proc5.params-of error conditions generator

(result);

begin

proc5 .generateyprocedure;

end;

declare

type absparams6 is (fetch-rec, fetch-done);

type conyparams6 is ( emp-id, emp-lastname,

emp-firstname, emp-address, emp-weight, fetch-done);

package proc6 is new make -interface.procedure-withparameters generator

(emp fetch, abs-params6, fetch, "fetch,_employees",

Conparams6, (1-> row-not-found, 2-> cursor-not-open));

package param6l is new proc6.params-of-record-type _generator

(fetch -rec, emp_rec);

package parain62 is new proc6.paraxns-of-error-conditions_generator

(fetch-done);

begin

proc 6. generateprocedure;

end:

declare

type absjparans7 is (insert_rec, insert -done);

type conyparams7 is (new_emp_id, new enip-sal, new-emppts, insert-done);

package proc7 is new make-interface.procedure-withparameters generator

(new-sal-row, absyparams7, insert values, "insert sal hist row",

conyarans7, (1-> no-duplicates));
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package param7l is new proc7.params-of-record-typie generator)

(insert_rec, sal_rec);

package param72 is new proc7.params-of error conditions gexierator

(insert-done);

begin

proc7.generateprocedure;

end;

declare

type absparams8 is (in-ernp-id, change-done);

type conjparams8 is (in--emp_id, change done);

package proc8 is new make interface.procedurewith-parametersgenerator

(addjyear, absparams8, update-searched, "update job-hist",

conparams8);

package param8l is new proc8.paraxns Iof -domain-type generator

(in-emp-id, employee-id-not-null);

package param82 is new proc8.params-of-boolean-type _generator

(change-done);

begin)

proc8 .generateyprocedure;

end;

make-interface.generate-interface; -- Step 12

end DixieInterfaceView;

4.6 RESULTS OF OPERATION

The results of executing the D ix ie -InterfaceView procedure are the generated abstract
interface specification and body, DixieAbsInterf ace, the Ada specification of the SQL
module, DixieconcInterf ace,d thetext fileDixie DbsSei _c al .
illustrates these generated probispeifc.Tale4.
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Table 4.4. Generated Products

Dixie AbsInterface - Specification

with dixie_employee defpkg;

use dixieemployee def_pkg;

with dixie_salary def pkg;

use dixiesala rydef_pkg;

with sql_standard;

use sql_standard;

package dixie abs interface is

type validstatusresulttype is

(rownot_.found, cursor alreadyopen, noduplicates, cursor notopen);

type emprec is record

empid : employeeid notnull;

emp_lastname name not null;

empfirstname name notnull;

empaddress addressnotnull;

empweight weightnotnull;

end record;

type salrec is record

new-emp id employee id not null;

new emp sal salary_notnull;

new emp_pts points_type;

end record;

procedure .t rtu,-p;

procedure keep-it;

procedure close emp_cursor;

procedure trash-it;

procedure open empcursor (inemp_id : in employee_id not null;

result : out valid status resulttype);
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procedure enip fetch(fetch-rec :inl out emp_rec;

fetch-done :out valid-status-result_type);

procedure new-sal-row(insert-rec :in sal-rec;

insert-done :out valid-status-result type);

procedure addyear(in-emp-id :in employee-id not null;

change-done :out boolean);

end dixie-abs-interface;

Dixie AbsInterface - Body

with sql,_cornmunicationsjpkg, sql-database errorpkg, conversions,

dixie-conc-interface;

use sql_conimunicationspkg, sql-database error~pkg, conversions;

package body dixie abs interfa~a is

use points ops;

row-not-found-value :constant :- 100;

cursor-already_open-value :constant .:- 1001;

no-duplicates-value :constant :- -803;

cursor not open-value :constant :- -501;

procedure startup is

begin

dixie conc interface.set transaction (sqlcode);

if sqlcode I-0 then

process-database-error;

raise sql,_database-error;

end if;

end startup;

procedure keep-it is

begin

dixie-conc-interface-conimit-transaction Csqlcode);

if sqlcode /'- 0 then)

page 44 6/19/90



CDRL 2020 Contract F19628-88-D-0032/0002 LMSC-F376702USER'S MANUAL Section 4 Defining and Generating the Interface

proces3-database-error;

raise sql database-error;

end if;

end keep it;

procedure close emp_cursor is

begin

dixie-conc-interface.close _emp__cursor (sqicode);

if sqlcode 1- 0 then

process-database-error;

raise sql-database-error;

end if;

end close-ernp_cursor;

procedure trash it is

begin

dixie-conc-interface.rollback-transaction (sqicode);

if sqlcode /- 0 then

process-database-error;

raise sql database-error;

end if;

end trash-it;

procedure open-emp-cursor (in_emp_id in employee -id not -null;

result :out valid-status_result-type) is
begin

dixie conc-interface.open employees-cursor (char(in empid), sqlcode);
if sqlcode -cursor-already_open-value then

result :- cursor-already_open;

elsif sqlcode /- 0 then

process-database-error;

raise sql_database-error;

end if;

end open emp_cursor;
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procedure emp_fetch(fetch-rec in out exnp_rec;)

fetch-done out valid-status-result type) is

begin

dixie-conc-interface.fetch employees (char(fetch-rec.empid),

char (fetch-rec.emp_lastname), char (fetch-rec.empfirstname),

char(fetch--.rec.emp_address), real(fetch-rec.enp_weight), sqicode);

if sqlcode - row-not-found-value then

fetch-done :=row-not-found;

elsif sqlcode =cursor-not-open-value then

fetch-done :=cursor-not-open;

elsif sqlcode I-0 then

process-database error;

raise sql-database-error;

end if;

end emp fetch;

procedure new-sal-row(insert-rec :in sal-rec;.

insert-done ,out valid-status-result-type) is

new empjpts-c :int;

new emp yts indic: indicator type;

begin

if is null(insert-rec.newemppts)

then new emp-pts-indic :- -1;

else new_emppts-indic :- 0;

new-empptsc :- nt (without-null-base(insert-rec.new-emp-pts));

end if;

dixie-conc-interface.insert-sal-hist row (char(insert-rec.new emp_id),

real(insert-rec.new-empsal), new-emp-pts-c, new--empyptsindic,

sqlcode);

if sqlcode - no-duplicates-value then

insert-done :-no duplicates;

elsif sqlcode I-0 then

process-database-error;

raise sql database-error;

end if;

end new-sal-row;
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procedure addyear(in-enp-id: in employee_id-not-null;

change_done :out boolean) is

begin

dixie-conc-interface.update-job-hist ( char~in-emp-id), sqicode);

if sqicode /- 0 then

change done :- false;

else change-done :- true;

end if;

end addjyear;

end dixie-abs-interface;

Dixie Conc Interface - Specification

with sql_standard; use sqlstandard;

package dixie-conc-interface is

procedure set-transaction(sqlcode : out sql_standard.sqlcode-type);

pragma. interface (sql, set-transaction);

procedure commit-transaction(sqlcode : out sql_standard-sqlcode type);

pragma interface (sql, coxmrit-transaction);

procedure close-emp_cursor(sqlcode :out sql standard.sqlcode-type);

pragma interface (sql, close-emp-cursor);

procedure rollback transaction(sqlcode : out sql_standard.sqlcode-type);

pragma interface (sql, rollback-transaction);

procedure open employees cursor(in-emp_id: in char; sqlcode :out

sql standard. sqlcode type);

pragma interface (sql, open-employees-cursor);

procedure fetch-employees( emp-id: in out char; emplastname: in out char;

emp_firstname: in out char; emp address: in out char;

emp_weight: in out real;

sqlcode : out sql_standard.sqlcode_type);
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pragma interface (sql, fetch_employees);

procedure insertsalhistrow( new_empid: in char; new_emp_sal: in real;

newemp_pts : in out int;

newemp Pts-indic : in sql_standard.indicatortype;

sqlcode : out sqlstandard.sqlcode type);

pragma interface (sql, insertsalhistrow);

procedure update_job hist(in-emp id: in char;

sqlcode : out sqlstandard.sqlcode type);

pragma interface (sql, update job hist);

end dixieconcinterface;

DixieDbmsSpecific - Text File

set-transaction sqlcode out sqlcode type

committransaction sqlcode out sqlcode type

close_emp cursor sqlcode out sqlcode type

rollbacktransaction sqlcode out sqlcode type )
open employees cursor in emp_id in char 5

open employeescursor sqlcode out sqlcodetype

fetch_employees empid inout char 5

fetchemployees emp_lastname in-out char 10

fetchemployees empfirstname in-out char 10

fetchemployees empaddress inout char 30

fetchemployees empweight inout real

fetchemployees sqlcode out sqlcode type

insertsalhist row newempid in char 5

insertsalhist row new_emp_sal in real

insertsalhistrow new_emppts in-out int

insertsal-histrow newempptsindic in indicatortype

insertsal hist-row sqlcode out sqlcodetype

updatejobhist in_empid in char 5

update job-hist sqlcode out sqlcodetype
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These packages are to be compiled with no further coding. If DBMS specific modifications are
required for the interface due to DBMS implementation incompatibilities with the SAME
standard, the text file containing information needed for these modifications and the interface
packages are handed over to the person responsible for such modifications. Steps and guidelines
for modifying the interface packages for use with the Digital RDB DBMS are provided in
Section 6. If no modifications are required, then link the concrete interface specification to the
SQL module. Steps for associating the concrete interface Ada specification to the SQL module
are implementation dependent. Section 6 contains instructions for linking using the Digital ACS
Ada language facility. After linking the specification to the module, make the interface packages
available to the application programmer.

4.7 SUMMARY
In summary, the tasks shown in Table 4.5 must be performed during interface definition and
generation.

Table 4.5. Task Summary

Task Outcome
1. Compile both specification and body of ConcretePackage and Abstract-

ConcretePackage andAbstract_ Interface Generator compiledwith
InterfaceGenerator against the validdomains.
Base Specific Domains.

2. Using the SQL module, determine the
necessary row records, procedures and
expected errors.

3. Modify the SAME packages DBMS and application specific error
Sql_CommunicationsPkg and processing and recovery capabilities.
Sql Database Error Pkgforuse
with-he DBMS and applica-tion (See DEC

instructions in Section 6).

4. Write an Ada procedure using
Abstract Interface Generator
to describe fie interface. Uge the template
provided in Table 4.2.

5. Compile and execute the procedure. Four files: (1) the abstract interface
specification, (2) the abstract interface body,
(3) the concrete interface specification, and (4)
a text file containing information needed to
modify the generated interface for a particular
implementation

6. Compile the interface packages. Potentially semantically correct abstract
interface and concrete interface specification
to support the application.

7. If necessary, modify the interface for use DBMS-compatible interface packages.
with a specific DBMS using the DBMS
specific file. (See DEC instructions in
Section 6).

8. Link the concrete interface Application specific SAME interface
specification to the SQL module.(See DEC
instructions in Section 6).
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Section 5
Usage Instructions for the Application Programmer

5.1 GENERAL PREPARATION

At this stage, the application programmer has the compiled versions of the domain package
specifications; the abstract interface specification and body, the concrete interface specification
and the compiled, linked SQL module. The programmer is now ready to use these packages with
the Ada application.

5.2 INPUTS FOR THE ADA APPLICATION PROGRAM

Given the Ada procedures in the abstract interface and their corresponding data manipulation
statements in the SQL module, the application programmer now has access to the DBMS through
the application. During application development, the programmer can use any of the procedures
provided by the interface just as any other standard Ada procedure or function. However, all
parameters to these procedures must be of a type declared in one of the domain packages or in
the abstract interface, or of type boolean.

The following paragraphs provide the steps, -id guidelines for writing an Ada application,
Ada_Application, that uses a SAME interface.

5.3 STEPS AND GUIDELINES FOR THE ADA APPLICATION

To use a SAME interface, the application programmer always follows the same basic steps.
These steps take the form of writing an Ada application that imports one or more domain
packages containing data types and the newly generated abstract interface.

The following numbered steps are described in the order in which the application programmer
writes the Ada code. Where appropriate, each step includes example code, and in some
instances, specific code that implements the step. A generalized Ada application, also showing
the steps, is shown in Table 5.1. Note that italics indicate user-supplied names. Names can be
any valid Ada name but must be used consistently throughout the procedure.

Step 1. Import 2 or more packages:

Domain Definition Pkg (s) => One or more packages containing declarations
of valid domains. Name and content of this package(s) is determined by the interface
programmer. This package(s) must always be imported.

Abstract Interface (s) => One or more packages containing the abstract
interface portion of the SAME interface created for this application.
Name and content of this package(s) is determined by the interface programmer. This
package(s) mr't always be imported.

with domaindefinitionpkg_1; use domain definitionpkg_1;

with domain definitionJpkg_2; use domain definition~pkg 2;
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with domain definitionpkg_3; use domaindefinition pkg_3;
-- Additional domain packages here...
with abstract interface_1; use abstract interface 1;
with abstract--interface_2; use abstract-interface_2;
-- Additional abstract interfaces here...

Example->
with partsdefinition_pkg; use partsdefinitionpkg;
with supplier definitionpkg; use supplierdefinition_pkg;
with product_absinterface; use productabs_interface;

Step 2. Create an Ada main procedure.

procedure AdaApplication is
begin

end AdaAppli cation;

Step 3. Within this procedure declare all interface-required row records or string indicator
records to be used by interface procedures taking row records as parameters. All valid
row record types are declared in the abstract_interface specification.

declare
RowRecordNamel : RowRecordTypel;
RowRecordName2 : Row RecordType2; ...

Example->
Parts Record : Parts Record Type;
NorthernSupplierRecord : S-upplierRecordType;

Step 4. Declare all interface-required single parameters of domain type to be used by interface
procedures taking single, domain-based parameters. All valid domain types are
declared in the domain packages. If one of the SAME standard types' assign
procedures will be used on a parameter of a null bearing domain type, you must declare
another parameter of the corresponding not-null bearing domain type for conversion
use (see Paragraph 3.4.1).

Domain-ParameterNamel : DomainTypel;
DomainParameter Name2 : Domain Type2; ...

Example->
declare
PartName : Product NameNotNull;
Part-Price : PartPriceType;-- Null bearing numeric domain
PartPrice nn : PartPriceNotNull;--Conversion parameter

Step 5. Declare all interface-required error condition result parameters. These result
parameters will be used by the interface procedures to return expected error conditions
to the application. Error condition result parameters are always Of type
ValidStatusResultType.

ErrorNamel : ValidStatusResultType;
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ErrorName2 : ValidStatusResultType;...

Example->
Resultl : Valid StatusResultType;
Result2 : ValidStatus-ResultType;

Step 6. Declare all interface-required parameters of boolean type to be used by interface
procedures returning result information to the application.

Boolean Result Namel : Boolean;
BooleanResultName2 : Boolean;...

Example->
Part Exists : Boolean;
PositiveResult : Boolean;

Step 7. Make all other application-required declarations and then begin coding the rest of the
application, calling the interface procedures when needed as you would any other
standard Ada procedures. Invalid interface procedure syntax and semantics will be
caught during application compilation.

Step 8. Compile the application and correct any indicated errors.

Step 9. Execute the application.

All of the interface-required Ada code for this application is shown in a generalized form in
Table 5.1. When writing an Ada application using a SAME interface, use this table as a guide
substituting required names and values for any expressions in italics.

Table 5.1. Generalized Ada Application

with domaindefinition_pkgl; use domaindefinitionpkgl; -- Step 1

with domaindefinition pkg_2; use domaindefinition pkg 2;

with domaindefinition pkg_3; use domaindefinitionpkg_3;

-- Additional domain packages here...

with abstractinterface_1; use abstractinterface_1;

with abstract-interface 2; use abstract-interface 2;

-- Additional abstract interfaces here...

procedure Ada_Application is -- Step 2

declare

RowRecord Namel : RowRecordTypel; -- Step 3

RowRecord Name2 : RowRecordType2; ...

-- Additional record type declarations here...
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DomainParameterNamel : DomainTypel; -- Step 4

DomainParameterName2 : DomainType2; ...
-- Additional domain type declarations here...

ErrorNamel : ValidStatusResultType; -- Step 5

ErrorName2 : ValidStatusResultType; ...

-- Additional expected error type declarations here...

BooleanResultNamel : Boolean; -- Step 6

BooleanResultName2 : Boolean;...

-- Additional boolean result type declarations here...

-- Additional application-required declarations here... -- Step 7

begin

-- Application statements and calls to interface procedures here...

end Ada-Application;

5.4 SAMPLE ADA APPLICATION

The SQL module shown in Table 3.1, the generated abstract domain packages shown in Table )
3.4, and the generated abstract interface and concrete interface specification shown in Table 4.4
together provide the interface support for the Ada application shown in Table 5.2. The
procedures in the abstract interface appear in bold-face type within the application body.

Table 5.2. Sample Ada Application Dixie Application

-- This application imports the abstract inte 3ce dixie abs interface

-- and the abstract domain packages to access the dixie db data base.

with dixieemployeedefpkg; use dixieemployee defpkg; -- Step 1

with dixie_salarydefpkg; use dixiesalarydefpkg;

with dixieabsinterface; use dixie absinterface;

with textio; use textio;

with string_pack; use string_pack;

procedure dixie application is -- Step 2

personnelrecord emp rec; -- Step 3

business_record salrec;
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idnumber : employee_idnotnull; -- Step 4

-- meritptsnn is used for type conversion between the null bearing

-- points type and the non null bearing points_notnull so that the

-- points-ops.assign procedure can be used on a variable of this type

merit_pts-nn : points_notnull;

errorresult : validstatusresult type; -- Step 5

booleanresult : boolean; -- Step 6

-- Variables and instantiations for general program use -- Step 7

validcode : boolean :- false;

optionentry : character;

exitcode : constant character :- '8';

seeemploy_code : constant character :- '1';

addjobcode : constant character :- '2';

new sal code : constant character :- '3';

cormit code : constant character :- '4';

rollback code : constant character :- '5';

release screen character;
weightimage, stringjholder : string(1..100) :- (others -> '

last natural;

trash string (1..1) :- (others -> '

package integerio is new text io.integerio(integer);

package realio is new floatio(float); use real io;

-- This function gets the option code (either access dixie db or exit

-- the program) from the user.

function optioninput return character is

begin

valid code :- false;

while not validcode loop

text_io.putline(" ");

put line("Please enter an option number. Either: ");

put line("1 : to view a record from the employees table or");

putline

("2 : to add 1 year to years employed in the jobhist table or");

put line("3 : to insert a new record into the salaryhist table");

put line("4 : to commit the transaction");
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put-line(OS5 to rollback the transaction");

put-line("8 :to exit this program.");

put_].ine(" 0);

put("Enter option here - )

get (option-entry):

text_io.get-line(trash, last);

case option-entry is

when see _employ_code -> valid-code :- true;

when add-job-code ->valid-code :true;

when new-sal-code ->valid-code :-true;

when cozmmit-code ->valid-code :-true;

when rollback -code -> valid-code :- true;

when exit-code -> valid-code :- true;

when others ->

put ("Invalid option. Type 'Cs and press <RET> to continue.");

get (release-screen);

end case;

end loop;

return option-entry;

end option-input;

begin

-- The main program will loop until the user requests option 8 or exit.

put line("**********Welcome to the DixieDb update program**********");

put-line(" )

startup;

loop

if option -input - exit-code then

exit;

elsif option -entry - see employ-code then

put-line("Please enter an employee id number -> )

string holder :- (others -> 1')

text-io.get line(string holder, last);

move (strip (string ..holder), string(id number));

openWc.ursor (id numb.:, error result) ;

if error-result - cursor-already open

then close_em_ursor;

text_io.put_line("Try again");

else eW ;etch (personnel-record, error result);

if error-result - row-not-found
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then text-io.put_line("No employee with this number found");

else real-io.put (weight -image, float(personnel-record.emp_ weight),

2,0);

text-io.put,_line(strip(string(personnel-record.emvp_id)) ""&

strip(string(personnel-record.emp_lastname)) ""&

3trip(string(personnel-record.empfirstname)) &"&

strip(string(personnel-record.emp_address))& "&

strip(weight_image));

end if;

end if;

Close acursor;

put-line (" *) ;

elsif option-entry - add-job-code then

put-line("Please enter an employee id number - )

string h4older :- (others -> 1 )

text io.get_line (string_h older, last);

move (strip (string holder), string (id -number));

add year (id number, boolean result);
put-line(" ");

if boolean result - false

then text io.put_line("Year not updated");

put -line(" )

end if;

elsif option -entry -new sal-code then

put-line("Enter an employee id number (5 characters) .. not null - )

string-holder :-(others -

text-io.get_line(string_ holder, last);

move(strip(string_,holder), string(business-record.new _emp_id));

put_line ("Enter earnings for employee (0.00 to 99000.00) .. not null=>)

real io.get (float (businessrecord.new-emp-sal));

text-io.get_line(trash, last);

put line

("Enter merit points for employee (0 to 99) .. return for null = )

string_ holder :- (others -> 1')

text io.get_line(string-holder, last);

if last - 0 -- they are inputting a null

then points_ops.assign(businesrecord.new-emppts, null_sql_int);

else
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integerio.get(stringholder, integer(meritpts_nn), last);

points ops .assign (business record.newemppts,

points_ops withnull(merit_ptsnn));

end if;

new salrow (businessrecord, error result) ;

put_line (" ") ;

elsif optionentry - commit-code then

keepi;

elsif option-entry - rollbackcode then

trash it;

end if;

end loop;

end dixie application;

5.5 RESULTS OF OPERATION

The Ada application using the generated domain packages and the abstract interface has access to
an SQL module and, through that module, access to a DBMS. Because creation of the domain
packages and the interface packages is implemented through strong typing definitions and *
successive generic instantiations to match the SQL module, syntactic and semantic consistency is
ensured between those packages and the SQL module. Because the SQL module is a compiled
module, all SQL data manipulation statements are ensured to be both syntactically and
semantically correct. Therefore, the application program is ensured syntactically and
semantically correct access to the DBMS.

5.6 SUMMARY

In summary, the steps shown in Table 5.3 are taken to use the interface in an Ada application.

Table 5.3. Steps Summary

Steps Outcome
1. Receive compiled versions of the abstract

domain package(s) and the abstract
interface(s).

2. Write an Ada application importing the Ability to invoke Ada procedures that
abstract domain package(s) and the access a DBMS.
abstract interface(s).

3. Compile the application Syntactic or semantic errors of interface
I procedures caught during compilation

4. Execute the application. _
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Section 6
Operating Instructions

6.1 OVERVIEW

This section contains operational information for using the Ada/SQL binding to interface with
the Digital RDB DBMS. This section is organized into four parts. After this overview,
paragraph 6.2 provides installation requirements and instructions. Paragraph 6.3 contains
guidelines for using RDB/VMS error processing capabilities in the abstract interface. Paragraph
6.4 discusses adapting the rdb_speci fic procedure for use with other DBMS systems.

6.2 INSTALLATION

The following subparagraphs outline the hardware and software requirements for installation and
provide step-by-step procedures for installation.

6.2.1 Hardware Requirements

The hardware requirements for this implementation of the Ada/SQL binding consist of the
following:

* A Digital VAX with a minimum of 8Mb physical memory

* Sufficient disk space for
-The RDB software
-The DEC Ada compilation software
-The Ada/SQL binding program software
-Swap space for Ada compilations

* Capability for loading software-camridge tape device

6.2.2 Software Requirements

The exact locations for the following software are not important. However, in the following
paragraphs it will be assumed that the user has visibility into RDB DBMS, DEC Ada compiler,
and VMS executable commands. It is also assumed that an RDB data base has been created,
loaded, and placed within a working directory together with the Ada/SQL binding.
* Ada/SQL, Version 1.0 - Ada/SQL binding tool
* DEC VMS, Version 5.2 - operating system
* DEC AdaVersion 1.4 - Ada compiler

DEC RDB, Vtrsion 3.0 - DMBS

See the DEC reference manuals Vax Rdb/VMS Reference Manual [31 or Developing Ada
Programs on Vax/VMS [4] for further information concerning installation and use of DEC Ada
or DEC RDB.
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6.2.3 Installation of Ada/SQL Software

Follow these steps to install the Ada/SQL binding tool:

Step 1. Copy all of the directories and objects on the delivered tape into an equivalent
directory structure. The top-level delivered directory is [project. c2010 ]. This
directory should contain the following:

* ada units. dir-subdirectory containing all components of the Ada/SQL
bindiig tool, executable procedures for testing the binding and the file,
ada units. ord showing unit compilation order. Ada package specifications
have-the file extension . ads and Ada package bodies or procedures have the file
extension . adb. A description of each unit in this directory is provided in
Appendix A.

* dixie db. rdb-a fully created data base supporting the test procedures in
ada units. dir. The file dixie db. snp is simply a snapshot of the data
base.

* dixie conc interface. sqlmod-a complete SQL module supporting the
test proceduresin adaunits. dir.

• domain template. txt-a program template with instructions for creating
and defiTng the domain packages

* interface template. txt-a program template with instructions for
creating and defining the interface packages

readme. nte-a text file containing additional information concerning the
fileproject.c2010.adaunitsladaunits.ord.

• test instr . tst-instructions for using the test procedures contained in
[project.c2010.adaunits].

• vdd. txt-the Ada/SQL binding version description document

Step 2. Create aDECAdaACS library indirectory [project.c2010.adaunits] with

the DEC Ada command:

{acs create lib [project.c2010.ada-units.adalib])

Step 3. Set the default Ada library to this library with the command:

{acs set library [project.c2010.adaunits.adalib)}

Step 4. Following the compilation order given in ada units. ord (also in Appendix A)
compile all units indirectory [project. c2010. adaunits] up to and including
unit abstractdomain generator. ada using the DEC ada compile command
{adaj.
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If you are installing on a system with another Ada compiler, you must follow instructions for

compiling and executing Ada procedures and packages for that system.

6.2 USE OF THE BINDING WITH DEC ADA AND RDB

The directory (pro ject. c2 010. ada units] contains three executable procedures that
serve as both tests and examples for usinithe binding. These procedures are, in fact, the same
procedures shown in Sections 3 through 5 as examples.

• dixie domain view. ada-test domain definition procedure.

• dixie interface view. ada-test interface definition procedure.

• dixie application. ada-test application.

The following steps, using these test procedures as examples, are taken when using the Ada/SQL
binding with the RDM DBMS.

Step 1. Go into the directory (project.c2010.ada units). Copy both the database and
the SQL module to be used by the Ada applicatini into this directory. For this example,
copy dixiedb. rdb, dixie db. snp and
dixieconcinterface. sqilmod into this directory.

Step 2. Compile, link, and execute the domain definition procedure to generate the abstract
domain package specification(s) and the specification base_specific dinains.
Use procedure dixie domain view. ada for this example.
(ada dixie domain view.ada}
(acs link dixie domain view)
(run dixie domain viewT

Step 3. Compile the generated products. For this example, compile the domain packages
dixie employeedef_pkg_.adaanddixie salary_def_pkg_ .ada and
base_specificdomains_.ada.
{ada dixieemployee defpkg_.ada)
(ada dixiesalary_defpkg_.ada})
(ada basespecific domains_.ada}

Step 4. Compile the abstract interface generator and concretepackage
packages against this spe~ific base-speafic.domains.
(ada concreteypackage_.ada}
{ada concrete_package .ada)
(ada abstract interface_generator_.ada
fada abstractinterface_generator. ada)

Step 5. Compile, link, and execute the interface definition procedure to generate the abstract
interface specification and body, the concrete interface specification and a text file
containing interface information. Use procedure dixie interface view. ada
for this example.
(ada dixie interface view.ada}
(acs link dixie interface view)
{run dixie interface view
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Step 6. Compile all generated products except the text file having the file name extension
. txt. For this example, compile the abstract interface specification, dixie abs_
interface_. ada, the concrete interface specification
dixie concinterface_.ada and the body,
dixie-abs_ interface.ada. Do not compile dixiedbmsspecifc. txt.
(ada dixie abs interface_.ada}
(ada dixie-conc interface .ada}
{ada dixie-abs interface.ada}

Step 7. Compile, link and execute rdb specifc to generate three files. Two of the files are
the Ada specification and body-fiat will replace the original concrete interface
specification for the abstract interface. This procedire will assign the original concrete
specification's name to both this new specification and body (so that no units
dependent on the original specification require modification). The other file is an Ada
specification that will replace the original concrete specification for the SQL module.
It is this new specification that will contain the actual RDB compatible interface
procedures.
{ada rdbspecifc.ada}

When executing rdb speci fic, the user will be asked to provide the filename of
the original concrete interface specification, the filename of the text file containing
interface information, .id a name to be given to the new RDB-compatible concrete
interface specification. An execution error will occur if either the original specification
or the text file are incorrectly named or not present in the directory. At the end of the
program, the user will be asked if additional specifications require replacement. A
positive response will cause the program to loop through again. For this example,
respond to the program prompts as follows:
Input name of the file containing original concretespec =>
{dixieconcinterface_.ada <return>)

Inpuxt name of the file containing dbms specific information ,
{dixie-dbmsspecifc.txt <return>}

Input the name of the actual concretespec =>
(dixierdbinterface_.ada <return>)

Any more abstract specifications? Answer y or n =>
{n <return>}

Step 8. Compile all generated products. For this example, compile the new RDB-compatible
concrete interface specification dixierdbinterface_, ada, the new concrete
interface specification, dixie conc interface-. ada, and the body,
dixieconc_ interface.ada. The abstractj_interface specification and body
will need to be recompiled to reflect the newly generated concreteinterface.
(ada dixie rdb interface_.ada}
(ada dixie -conc interface .ada)
(ada dixie-conc-interface.ada }
{ada.dixie abs interface .ada)
{ada.dixie-abs-interface.ada}
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Step 9. Compile the SQL module, dixie conc interface. sqlmod for this example,
using the RDB SQL module language conipiler with following command:
{run sys$system:sql$mod <return>}.
Input file=>
{dixie conc interface.sqlmod}

After compilation the SQL module object file will appear in the directory, for example
dixie conc interface.obj. This is the file that must be linked to the concrete
interfacg Ada s-ecification.

Step 10. Define the link library as:
{define lnk$library sys$library:sql$user.olb}

Step 11. Link the SQL module to the Ada specification using the DEC Ada ACS command
copy foreign. More than one concrete interface specification can be linked a
given SQL module. To link dixie concinterface. obj to dixie rdb_
interface_. ada, enter the command:
{acs copy foreign dixie conc interface.obj

dixie rdb interface}

Note: dixie rdb interface is a unit name with no file extension.

Step 12. Compile, link and execute the application. Use the procedure dixie_
application. ada in this example:
{ada dixieapplication.ada}
{acs link dixie_application}
(run dixieapplication}

6.3 ERROR PROCESSING WITH RDB

During interface development, the interface programmer determines what types of errors are
expected from the data base during application program execution. These expected errors are
handled within the application program. In the case of unexpected errors, however, SAME
provides a place for error processing procedures within two packages:
• SqlCommunicationsPkg
" Sql Database Error Pkg.
These packages are iitended io be modified by the interface programmer to meet the error
processing requirements of the application and the platform.

Sql_CommunicationsPkg contains a function, sql_database error message for
DBMS error message retrieval and an Ada exception, sql_database -erro r.Sql_
DatabaseError Pkg contains aprocedure, process database error, for error
processing and recovery. If an unexpected error occurs during application-execution, the abstract
interface body first calls the procedure process_databaseerror and then raises the
sqldatabaseerror exception. The procedure processdatabaseerrcr should
minimally make a call to the function sql_databaseerror message to print out what
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unexpected error occurred. Other processing might include a call to the rollback or commit
procedures. Once the error sql database error has be raised, it propagates to the user
thereby alerting the application fiat an unexpec-ted error has occurred. Thus, all unexpected error
processing and recovery procedures or functions should be contained within the process_
databaseerror procedure.

The Vax RDB/VMS system provides a large number of useful error processing procedures.
Refer to the Vax Rdb/VMS Reference Manual [3] for complete information concerning Vax
RDB/VMS error processing capabilities. For the purpose of illustration, the following examples
show modified versions of the Sql_CommunicationsPkg body (Table 6.1) and the
Sql Database Error Pkg body (Table 6.2). These modified package bodies use the
RDB7VMS service procedud'e SYS$GETERROR.TEXT to retrieve and output a descriptive
error message from the RDB DBMS.

Table 6.1. Modified Package Body Sql_Communications_Pkg

-- This version of sqlcommunicationsjpkg.ada is modified for use with the

-- DEC RDB DBMS. The function sql-database errormessage

-- will get an RDB error message using the RDB/VMS supplied procedure

-- SQL$GETERRORTEXT.

with sqlsystem; use sqlsystem;

with text io; use text io;

with condition-handling; -- RDB/VMS package providing error condition system

-- service functions.

with system; -- RDB/VMS package providing general system service

-- functions.

package body sql_corunicationspkg is

-- The following variables are part of the standard sql communicationspkg

-- They are used here in slightly modifled form as parameters in the

-- SQL$GETERRORTEXT procedure.

function sqldatabase errormessage return sqlcharnotnull is

message-buffer : string(l .. 256); -- Always a string this length

len : short-integer; -- Always a short-integer

-- Declaration of SQL$GETERROR TEXT.

procedure sqlgeterror text(errortext : oui- string;

errortextlen : out short-integer);

pragma interface(SQL, sqlgeterror text);
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pragma import_procedure(internal -> sql_geterrortext,

external -> "SQL$GETERRORTEXT",

parametertypes -> (string, short_integer),

mechanism -> (descriptor, reference));

begin

-- This function gets the RDB DBMS error message and passes it on to

-- the sql_database_errorypkg for output.

sqlgeterrortext (messagebuffer, len):

return (sql_charnotnull(message_buffer));

end sql database_errormessage;

end sql_coimunications pkg;

Table 6.2. Modified Package Body Sql_DatabaseError_Pkg

- This version of sql_database .error_pkg.ada is modified for use with the

-- DEC RDB DBMS. RDB/VMS provides various functions and procedures for

-- processing data base errors. See the Vax RDB/VMS reference manual for

-- information concerning error processing capabilities.

with text io, sqlcommunicationspkg, sql-char_pkg;

use textio, sqlcor nunications pkg, sql charpkg;

package body sql_database_error pkg is

procedure process_database_error is

begin

-- This procedure is always called in the abstract interface in response

-- to some unexpected database exception (as opposed to one of the

-- expected errors declared in the abstract interface).

-- This procedure may be modified per the needs of the abstract

-- interface developer. All needed error processing procedures and

-- functions, whether supplied by RDB/VMS or developed by the interface

-- programmer should be pla, d within the body of this procedure.
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-- This is a minimal implementation of an error processing procedure.

-- This procedure gets a descriptive error message from the DBMS

-- (through sql_conmmunicationspkg) and displays it on standard output.

put-line (tostring (sqlcharnot null(sqldatabaseerrormessage)));

end processdatabaseerror;

end sqldatabase error_pkg;

6.4 rdbspecific PROCEDURE ADAPTIONS

Using the SAME method with any specific DBMS implementation very probably will require
some modification to the concrete interface. In the case of a DBMS with no SQL module
language compiler, for example, the concrete interface will have to simulate a compiled SQL
module and provide DBMS supplied programmatic access instead, such as a library of C
routines. SAME standard data types may also be incompatible with a particular DBMS (as with
the Digital RDB DBMS) requiring conversion of the SAME standard data types declared in the
concrete interface to DBMS required data types. Although each DBMS implementation will
require its own particular concrete interface modification, the rdb specific procedure, for
use with the Digital RDB DBMS, can be adapted to work with diffrent DBMS implementations.

The rdbspeci fic procedure uses the information contained in the original concrete interface
Ada specification and the the Dbms Specific text file. Both of these files are automatically
generated along with the abstract interface. The concrete interface specification contains the
specifications of the Ada procedures representing SQL procedures and the pragma interface
statement for each procedure. Dbms Specific contains procedure descriptions: procedure
name, parameter name, parameter mode, parameter type, and with char type parameters, their
length. By using these two f~les, the rdb specific procedure has enough information to
convert procedures and data types to be compatible with the RDB DBMS. In the process, three
new files are generated to replace the original concrete interface specification. Any adaptation of
the rdb specific will also use this information for procedure and data type conversions and
will generally generate these three files.

The first two files are an Ada package, specification and body, that will substitute for the original
concrete interface specification. This package always bears the same name as the original
concrete specification so that no modification to the calling abstract interface is required. The
third file is an Ada specification that contains the actual Ada procedures and data types that are
compatible with the RDB DBMS and is the specification that represents the SQL module.

In summary, the rdbspeci fic procedure takes information from the original concrete
interface specification and Dbms.Specific text file, converts the procedures and data types,
and outputs three replacement files. Therefore, adapting the rdb specific procedure for use
with another DBMS implementation basically requires changing the rdbspe ci fic's file
output statements.

For instance, if a DBMS supplies data base access through a library of C routines rather than an
SQL module language compiler, the rdbspeci fic procedure could be changed to generate
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the following three replacement files. The first file will be a package specification containing
Ada procedures that represent the needed C routines and associated pragma interface statements
to C. These C routines will in turn, provide access to the required SQL statements, and like the
SQL module, will be developed separately. The second and third files will comprise the package
specification and body to be imported by the abstract interface instead of the original concrete
specification. This package specification will declare the Ada procedures that represent the SQL
statements from the abstract interface side, and it will look like the original concrete specification
with the pragma interfaces removed. In the package body each procedure will call the matching
Ada procedure specification and pragma interface to C in the first specification.
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APPENDIX A
Component Description

and
Compilation Order

A.1 FUNCTIONAL AREAS

This appendix describes the components of the Ada/SQL binding in terms of functionality and,
where appropriate, input and output. Names in italics indicate user-supplied names. The
components are grouped into four overall functional areas. The first group of components
provides domain definition and generation capabilities. The second group provides abstract
interface definition and generation capabilities. The third group is comprised of general purpose
components that support this binding by providing additional functionality to the generators and
global declarations. The fourth group consists of all components that are part of the standard
SAME method. The final portion of Appendix A provides the compilation order of the
components.

A.2 DOMAIN DEFINITION AND GENERATION

AbstractDomainGenerator is a generic Ada package that contains several layers of
nested generics that are to be instantiated by an Ada procedure, the Domain View, written by
the interface programmer. Based on the information contained in the Domain View, the
Abstract Domain Generator will generate a set of Ada specifications, the domain
packages, containing d'clarations of all domains needed by the application programmer.

Inputs to AbstractDomainGenerator:

The Domain View is an Ada procedure written by the interface programmer following
the guidelines'm Section 3. When this procedure is compiled and executed, one or more
Ada specifications representing the domains are automatically generated. This procedure is
written specifically for each application or set of applications.

Outputs from AbstractDomainGenerator:

" The Domain packages generated by the instantiation of the Domain View. These
packages are syntactically and semantically correct Ada and adhere to the SAME
methodology. No further coding or modification is required. These packages will be
withed by both the application and the abstract interface and give both packages access
to data types represented by the domains.

" Base_Speci fic. Domains is another package created by the AbstractDomain
Generator during domain package generation. This Ada specification contains
information about the domain packages and the individual domains that will be used by
Abstract InterfaceGenerator. This specification also requires no further
coding or nidiflcation.
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A.3 INTERFACE DEFINITION AND GENERATION

Abstract Interface Generator is a generic Ada package that contains several layers of
nested generics that are to be instantiated by an Ada procedure, the Interfaceview,
written by the interface programmer. Based on the information contained in the
Interface View, Abstract Interface Generator willgenerate an Ada
specification aid body for a specific abstract interface and an Ada specification representing a
specific and corresponding concrete SQL module.

Inputs to AbstractInterfaceGenerator:

Interface View is the second Ada procedure that must be written by the interface
programmer following the directions given in Section 4. When this procedure is compiled
and executed, an Ada specification and body of an tbstract interface and an Ada
specification or an SQL module are automatically generated. This procedure is specific to
the services requested of the data base and particular rows in the data base and is written
specifically for each application or set of applications.

Outputs from AbstractInterfaceGenerator:

* Abstract Interface is an Ada package, specification and body, automatically
generated by-the instantiation of the Abstract.nterface generic. This package will give
an Ada application access to Ada procedures representing SQL data manipulation
statements. This package is syntactically and semantically correct Ada and will adhere to
the SAME methodology. No further coding or modification is required. This package
will be withed by the application.

* Concrete Interface is an Ada specification representing the SQL module that
contains the-SQL statements to implement services requested from the data base. This
specification is complete, requiring no further coding or modifications.

* DBMS_Specific is an additional text file that contains all interface information, such
as parameter length or type, necessary to successfully interface with various types of data
base implementations. This text file is complete and requires no modifications.

A.4 GENERAL BLIDING SUPPORT COMPONENTS

rdb specific is a special purpose Ada procedure to be used only with Digital RDB
DBVTS. Because some SAME required data types and RDB data types are incompatible, the
SAME data types declared in the Concrete_Interface must be converted to their
corresponding RDB data types. The rdbspecific procedure takes the original
Concrete Interface and the interace information contained ir Dbms Specific and
generates thmie files. These files, in turn, replace the original concrete speciA'c-ation for use
with the RDB data base. This procedure can be modified to work with different DBMS
implementations.

Inputs to rdbspeci fc:

* DbmsSpecific contains all interface information, such as parameter length or type,
necessary to successfully interface with various types of data base implementations.
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* Concrete Interface is the Ada specification representing the SQL module that

contains the-SQL statements to implement services requested from the data base.

Outputs from rdbspecifc:

" Concrete Interface is an Ada package, specification and body, automatically
generated byexecuting the rdbspecific procedure. This entire package will
substitute for the original Concrete Interface specification. This package will
always bear the same name as the origIna concrete specification. No further coding or
modification is required. This package will be withed by both the application and the
abstract interface instead of the original Concrete_ In t erfa ce.

" DbmsRequiredInterface is an Ada specification automatically generated by
executing the rdb specific procedure. This specification contains the actual Ada
procedure declaratons that are compatable with the RDB DBMS and is the specification
that will represent the SQL module. Dbms Concrete Interface imports this
package to obtain access to the SQL moduie. No further-oding or modification is
required.

* ConcretePackage is an Ada package that given an abstract domain, provides base type
information. Like package AbstractInterfaceGenerator, this package imports the
specification BaseSpecific_Domains.

" Conversions is an Ada package that tracks and supports conversions of null values returned
in indicator variables.

" Domain Template is a text file containing a code template and instructions for writting the
procedure that defines and generates the domain packages.

" Enumeration Image is an Ada generic function that takes an enumeration type and
returns a string equivalent of an Ada enumeration declaration statement.

" Generator Support contains the global enumeration types and constants used by the
generators ana-the application program. Some values, such as maximum string lengths, can be
modified to suit user preference or platform constraints.

" Interface Template is a text file containing a code template and instructions for writting
the procedure-hat defines and generates the abstract interface.

* LongestEnum is an Ada generic function that takes an enumeration list and returns an
integer representing the length of the longest enumerated value

" Linked_List is an Ada generic package that implements lists. List building, updating, and
deleting, as well as logical list operations, are provided.

" String Pack is an Ada package containing utility procedures and functions that operate on
fixed andvariable length strings.

* Variable Io is an Ada generic package that takes a value representing the desired
maximum length of a file output line and then controls outputs lines to meet this specification.
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A.5 SAME STANDARD COMPONENTS

Sql Standard is an Ada specification containing Ada type definitions corresponding to
SQL-types with each type definition directly defining the SQL type of the same name. The
types in Sql Standard define the representation of SQL data to the Ada compiler, and all
abstract domans and interface parameters are based on these types. The type definitions are
DBMS implementation dependent.

" Sql System is a supporting Ada specification that defines maximum string output length.
This specification is DBM3 implementation dependent.

" Sql Communications Pkgand Sql Database Error Pkg are Ada packages that
provide the interface programmer with erro- recovery processing Both packages are to be
modified to the requirements of the DBMS and the user. Note that SqlCommunications
Pkg is DBMS implementation dependent and Sql_ DatabaseErrorPkg is

application dependent.

" The following are Ada packages supporting logical operations of the types defined in
Sql Standard. These packages are implementation independent and should never be
modiied.

SqlBooleanPkg
SqlCharPkg
SqlDouble PrecisionPkg
Sql-Enumeration_2Pkg
SqlExceptions
SqlInt_Pkg
SqlRealPkg
SqlSmallintPkg
To_Sql_Char NotNull
To_String

A.6 DOMAIN DEFINITION AND GENERATION

The following list of filenames represents the required compilation order for all components of
the Ada/SQL binding. Filename extensions ending in . ads are Ada package specifications and
those ending in .adb are Ada package bodies or Ada procedures. File names in italics such as
domain view. adb represent either files created by the interface program or files
automatic'ally generated by the execution of a procedure. The names of such files are, therefore,
user-supplied.

enumeration image, ads
stringpack. ads
stringpack. adb
enumeration image. adb
generator_support .ads
longestenum.ads
longestenum.adb
linked sets.ads
linked sets.adb
sqlboolean_pkg. ads
sqlexceptions.ads
sqlboolean_pkg.adb
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sql_system.ads
sql-database-errorypkg.ads
sql-standard.ads
sql-charypkg.ads
sql_charypkg.adb
sql_communicationspkg. ads
sql_coznmunicationsJpkg. adb
sql database errorypkg.ads
vaiable io.ads
variable~io.adb
sql intpkg.ads
sqlintpkg. adb
sql_realypkg.ads
sql-realpkg.adb
sql_smallintyPkg .ads
sql_smallintypkg. adb
to -string.adb
to-sql-char-not -null.adb
sql-doubleprecisionPkg. ads
sql_doubleprecisionypkg.adb
sql_enumerationypkg. ads
sql -enumerationpkg. adb
convers ions .ads
conversions .adb
abstract domain_generator.ads
abstract Idomai n_generator.adb
domain view. adb Executable procedure written by the

interface programmer.
base-specific-domains.ads Generated by executing

domain viewadb.
abstract-domainjpackage(s) .ads One or more packages generated by

executing domain-view. adb.
concreteypackage .ads
concretepackage .adb
abstract -interface_generator.ads
abstract -interface_generator.adb
interface view. adb Executable procedure written by the

interface programmer.
abstract-interface, ads Generated by executing

interface-view. adb.
concrete interface, ads Generated by executing

interface-view. adb.
abstract-interface. adb Generated by executing

interface-view. adb.
SQL MODULE Compiled and linked to

concrete-interface .adb.

user application. adb Executable procedure written by the
application programmer.

If the generated interface requires DBMS-specific modifications, compile as before up to and
including abstract-interface. adb and then use the compilation order below. Also, see
Section 6.
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rdb-specifc adb Executable procedure for
modifying the interface

dbms required interface, ads Generated by executing
rdb...speifcadb

dbms concrete interface, ads Generated by executing
rdb...speifc.adb

dbms concrete interface. adb Generated by executing
irdb..specifc.adb

abstract-interface, ads Generated by executing
interface-view. adb.

abstract-interface. adb Generated by executing
interface view. adb.

SQL MODULE Compiled anid linked to
dbms required interface .adb.

user application. adb Execut'able procedure written by the
application programmer.
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APPENDIX B
SAME SUPPORT EXCLUSIONS

The following list shows all exclusions to SAME support for this prototype implementation:

Decimal Types--ANSI SQL supports the type decimal. The Ada programming language,
however supports no directly analogous type. Furthermore, ANSI standard SQL, as described
in [2], does not support decimal data in Ada programs. The SAME standard, therefore, does
not provide a standard support package for null and non-null bearing decimal types and,
therefore, this implementation also does not support Decimal Types.

Arbitrary Data Types-SAME provides standard support for types in ANSI standard SQL.
Many data base management systems extend the standard to other types. SAME
documentation outlines the way a SAME user can extend the data typing facilities, however,
this implementation does not support data typing extensions.

* Enumeration Type Representation-Whether enumeration values are represented as string
literals or integer values is the responsibility of the abstract module. This implementation only
provides string representation.
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APPENDIX C
EXECUTION ERROR MESSAGES

AND ERROR CORRECTION

C.1 DOMAIN DEFINITION AND GENERATION EXECUTION ERRORS

C.1.1 Domain Package Errors

ERROR TYPE: duplicate package name
message Error... Domain package domain_packagename has

been defined more than once.
correction Multiple packages sharing the same name are not allowed. Declare a

unique name for each domain package.

ERROR TYPE: uncreated package
message Error... One or more domain packages has been

declared but never described.
correction Domain packages that are declared but then not later described are not

aLiuwed. For every domain package name declared, completely define the
content(domains) of that package.

C.1.2 Domain Errors

ERROR TYPE: duplicate domain name
message Error... domainname in domain package

domain_packagename has been defined more than

once.
correction Multiple domains sharing the same name are not allowed. Declare a

unique name for each domain.

ERROR TYPE: undefined domain
message Error... One or more domains in domain package

domain_package_name has been declared but never

described.
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correction Domains that are declared but then not later described are not allowed.

For every domain name declared for a domain package, completely define

that domain.

ERROR TYPE: illegal char subtype
message Error... Subtype based on domain of type char in

domain package domainpackage_name not allowed.
correction SAME does not allow char subtypes. Remove the char subtype

declaration and definition.

ERROR TYPE: undeclared parent domain
message Error... parent type for domainsubtype_name has

not been previously defined. ... cannot declare a

subtype unless parent type has been previously

defined.
correction The SAME implementation requires that all derived subtypes be declared

after their parent type. Declare the parent domain before declaring the

derived subtype domain.

ERROR TYPE: undefined parent domain
message Error... parentdomainname has not been previously

defined. ... cannot derive a new type unless

parent domain has been has been previously defined
correction The SAME implementation requires that all derived subtypes be described

after their parent type is described. Define the parent domain before
defining the derived subtype domain.

C.2 INTERFACE DEFINITION AND GENERATION EXECUTION ERRORS

C.2.1 Error Definition Errors

ERROR TYPE: unequal errors and SQLCODEs
message Error... Number of expected SQL errors does not

match corresponding sql_code values given.
correction For every expected error declared, one and only one corresponding

SQLCODE value must be given. Add or remove the incorrect

SQLCODES.
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ERROR TYPE: too many errors for boolean result

message Error... A result parameter of type boolean has too

many possible errors associated with it.

correction Boolean type results are with either no errors or at most, one (and only

one) error. Remove all extra errors from association with this result

parameter.

C.2.2 Record Definition Errors

ERROR TYPE: duplicate record

message Error... recordname has been defined more than

once.

correction Multiple records sharing the same name are not allowed. Declare a unique

name for each record.

ERROR TYPE: duplicate record component
message Error... recordcomponentname has been defined

more than once.

correction Multiple record components sharing the same name are not allowed.

Declare a unique name for each record component.

ERROR TYPE: undefined record component

message Error... recordcomponentname in record

record name has been declared but never described.

correction Components that are declared but then not later described are not allowed.

For every component name declared for a record, completely define that

component.

C.2.3 Procedure Definition Errors

ERROR TYPE: duplicate procedure

message Error... procedure name has been defined more than

once.

correction Multiple procedures sharing the same name are not allowed. Declare a

unique name for each procedure.
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ERROR TYPE: duplicate procedure parameter

message Error... procedure parametername of procedure

procedurename has been defined more than once.

correction Multiple procedure parameters sharing the same name are not allowed.

Declare a umque name for each procedure parameter.

ERROR TYPE: undefined procedure parameter

message Error... procedureparametername in procedure

procedure name has been declared but never

described.

correction Parameters that are declared but then not later described are not allowed.

For every parameter name declared for a procedure, completely define that

parameter.

ERROR TYPE: multiple result parameters

message Eiror... Cannot provide more than one result

parameter for procedure procedurename.

correction Only one result parameter is allowed per procedure. Remove all but one

result parameter from the procedure definition.

ERROR TYPE: no result paramter

message Error... Must provide result parameter for

procedure procedurename.

correction This kind of procedure expects a result parameter. Provide a result

parameter in the procedure definition.

ERROR TYPE: illegal parameter profile

message Error... The procedure procedurename of SQL

statement type proceduresSQLtype must have

parameters.

correction This procedure corresponds to an SQL statement that always expects

parameters. Re-define this procedure as a procedure that has parameters.

ERROR TYPE: invalid concrete parameter

message Error... Concreteparametername in procedure

procedurename is not a valid parameter to send to

a concrete interface.
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cc -ection All parameters passed to the concrete interface must have been passed to
the abstract interface first (with the exception of indicator variables or the
"SQLCODE" parameter). Either remove the illegal concrete parameter
or add a corresponding abstract parameter first.

ERROR TYPE: illegal record type
message Error... Record types are only allowed to be sent

to abstract procedures which represent select,

fetch, or insert SQL statements.
correction Replace the record type parameter with parameter(s) appropriate to the

procedure kind.

ERROR TYPE: no ops -package
message Error... concrete parametername in procedure

procedurename is a null bearing type with no ops
package instantiated for it..therefore it cannot be
re-assigned to a variable of a concrete type.

correction Either redefine the domain definition to include both null and not null
bearing types and the ops package, or never reassign the null bearing type.
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APPENDIX D
SAMPLE PROGRAMS

D.1 SAMPLE PROGRAMS OVERVIEW

In order to provide more comprehensive examples of domain and interface definition, generation
and use, this appendix contains two sets of sample programs. The first set in Section D.2 shows
a domain definition procedure, Every_Kind_DomainView, that defines a domain and subtype
of every possible SQL type. All products generated by this procedure are also shown. Section
D.3 shows examples of the entire binding process, from domain definition to a large-scale
application. This Ada application imports three abstract domain packages definition and two
abstract interfaces. The two abstract interfaces contain between them 8 row record definitions
and 28 procedures.

D.2 DOMAIN DEFINITION AND GENERATION FOR ALL SQL TYPES

Table D-1. EveryKindDomainView - Domain Definition Procedure

-- This procedure shows domain definition for all domain types and
-- subtypes with one example for each sql type possible.
-- SQL types are char, int, smallint, double_precision, enumeration,
-- real, decimal.

with abstractdomaingenerator;
with generator support; use generatorsupport;

procedure everykinddomainview is

type packagenames is (suppliers defpkg, partsdefpkg);
package dompacks is new abstract domaingenerator(package_names);

begin
declare

type doms is (sname, sno, snoover_50, colors, colors_not_red,
tax-range, tax over_33, status, high_status);

package domain 1 is new dom packs.generatedomainpackage
(suppliers def_pkg, doms);

-- declares domain of type CHAR. No CHAR subtypes are allowed.
package first is new domain_1.generateint domain

(sname, char, nullandnotnull, 1, 15);

-- declares domain of type INT.
package second is new domain_l.gen.erateint doain

(sno, int, nullandnotnull, 1, 100);

-- declares INT subtype.
package third is new domain_1.generate subint domain

(snoover_50, sno, int, null andnot null, 51, 100);
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-- declares domain of type ENUMERATION
type vals is (red, white, blue);
package fourth is new domain 1.generateenumdomain

(vals, colors, enumeration, containsnull);

-- declares ENUMERATION subtype
package fifth i3 new domair_1.generatesubenum domain

Icclors_-iot_red, colors, enumeration,
contains_null, "white", "blue");

-- declares domain of type REAL
package sixth is new domainl.generatefltdomain

(taxrange, real, not-null, 0.000, 100.000);

-- declares REAL subtype
package seventh is new domainl.generatesubfltdomain

(taxover_33, tax-range, real, notnull, 33.001, 100.000);

-- declares domain of type SMALLINT
package eighth is new domain 1.generate int domain

(status, smallint, containsnull, 0, 3);

-- declares SMALLINT subtype
package nine is new domainl.generatesubintdomain

(highstatus, status, smallint, containsnull, 3, 3);

begin
domainl. startgeneration;

end;

declare
type doms is (pno, price, midprice, weight, lightweight);

package domain_2 is new domypacks.generatedomain_package
(parts defpkg, doms);

-- declares domain of type INT
package first is new domain 2.generateint domain

(pno, int, notnull, 0, 550);

-- declares domain of type DECIMAL
package second is new domain_2.generatefltdomain

(price, decimal, nulland_notnull, 0.00, 1000.00);

-- declares DECIMAL subtype
package third is new domain_2.generatesubfltdomain
(mid-price, price, decimal, null andnotnull, 300.33, 600.66);

-- declares domain of type DOUPLE PRECISION
package fourth is new domain_2.generateflt domain

(weight, doubleprecision, containsnull, 1.456, 45.567);

-- declares DOUBLEPRECISION subtype
package fifth is new domain 2.generate subfltUomain

(light-weight, weight, double_precision,
contains-null, 1.456, 10.600);

begin

page 84 6/19/90



CDRL 2020 Conawc F19628-88-D-0032000 LMSC-F376702
USER'S MANUAL Appendix D: Sample Program

domain_2.start generat ion:

end;

domyacks.generate-base-specific;

end every._kind domain-view;

Table D-2. PartsDefPkg - 1st Abstract Domain Package Specification

with sqlintpkg;
use sqlintypkg;
with sqldoubleprecisionpkg;
use sqldoubleprecisionypkg;
with sqlrealpkg;
use sql_realpkg;
package parts defpkg is

type pno-not-null is new sql_mnt-not-null
range 0. .550;

type price-not-null is new sql_real-not-null
range 0.00000. .1000.00000;

type price-type is new sql_real;
package price ops is new

sql real ops (price-type, price not-null);

subtype midprice-not-null is price-not-null
range 300.32999. .600.65997;

subtype midyprice type is price-type;
package midypriceops is new

sql_real ops(midprice type, rnidprice not-null);

type weight-type is new sql-doubleprecis ion;

s.'btype light weight type is weight-type;

end parts-defpkg;

Table D-3. Suppliers Def Pkg - 2nd Abstract Domain Package Specification

with sql charpkg;
use sql-icharypkg;
with sqlintpkg;
use sqlintpkg;
with sql-smallintpkg;
Use sqlsmallintpkg;
with sql-enumnerationpkg;
with sqlrealpkg;
use sqlrealpkg;
package suppliers-defjpkg is

type snamenn base is new sql charypkg.sql_char-not-null;
subtype sname -not -null is snaxnenn-base (1. .15);
type sname-base is new sql charpkg.sql_char;
subtype snaxne type is snanie-base (snamenotnull'length);
package sname-ops is new

sql_charpkg.sql char ops(sname-base, snamenn-base);
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type snonotnull is new sql_int_notnull
range 1..100;

type snotype is new sqlint;
package snoops is new

sql_int ops(sno type, snonotnull);

subtype snoover_50 not null is snounot_ null
range 51..100;

subtype snoover_50 type is snotype;
package snoover_50_ops is new

sql_int_ops(sno over_50_type, snoover_50_notnull);

type colors not null is (red, white, blue) ;
package colorsops is new

sql_enumerationpkg(colors_not null);
type colors-type is new colors ops.sqlenumeration;

subtype colors_notrednot null is colors notnullrange white. .blue;

package colorsnot_redops 
is new

sql_enumerationpkg(colors not rednotnull);
type colorsnotredtype is new

coIors_not red-ops.sql_enume ration;

type taxrange_notnull is new sql_realnot null
range 0.00000..100.00000;

subtype tax over_33_not null is taxrange_notnull

range 33.00100..100.00000;

type status type is new sql_smallint;

subtype high_status type is status-type;

end suppliers def_pkg;

Table D-4. BaseSpecificDomains - Domain Description Specification

with generator support;
use generator-support;
package basespecificdomains is

type base-specificdomaintypes is (snamenotnull, snametype,
snonot null, sno type, sno over_50_not null,
snoover_50_type, colors_type, colors not red-type,
tax_rangenotnull, taxover_33_notnull,
status-type, highstatustype, pnonot null,
price-notnull, price type, mid_price notnull,
midpricetype, weighttype, light weighttype,
null domain type) ;

type corresponding_concrete types is (sname not null char 15,
sname type_char_15, sno notnullint, sno_type_int,
sno over_50_notnullin snoover 50 type int,
colcrs_type_enumeration, color3_notred_typeenumeration,
tax_rangenot null real, tax over_33_not null real,
status_type_smallint, high_status_type_smallint,
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pnonotnull int, price-not null-real, price type_real,
mid pricenotnull real, mid_price typereal,
weight typedouble precision,
lightweight_type_double_precision);

type valid domain names is (suppliersdef pkg, parts def_pkg);

type ops_packages is (snameops, sno ops, snoover_50_ops,
priceops, mid_priceops);

longestenumvalue : constant integer :- 5;

type domain_packagearray is array (positive range <>) of
valid domain names;

end base specificdomains;

D.3. LARGE-SCALE BINDING PROCESS

Table D-5. DOCTORS.SQLMOD - SQL Module

-- This SQL module provides the SQL procedures needed by the
-- doctors.ada program.

-- Header Information Section

module doctors -- module name
language ada -- language of calling program
authorization physician reference -- provides default db handle

-- Declare Statements Section

declare schema filename 'physician reference' -- Declaration of the
-- database

declare dr row cursor for
select p.djr_name, p.draddress, p.phone-number, p.officehours,

p.area, p.specialty, p.bedside manner
from physician p
where p.dr_name - in-dr_name

declare dr_hosp cursor for
select p.dr_name, p.draddress, p.phonenumber
from physician p, drhosp d
where d.drname - p.drname and d.hosp_name - in_hospname

declare spec_area cursor for
select p.drname, p.draddress, p.phonenumber
from physician p
where p.specialty - in spec and p.area - inarea

declare doc ins cursor for
select p.dr name, p.dr_address, p.phone_number
from physician p, dr ins d
where p.dr name - d.dr_name and d.in name - in ins name
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declare area ins cursor for
select p.dr_name, p.dr address, p.phone number
from physician p, drins d
where p.drname - d.dr_name and inins_name - d.in-name and

inarea - p.area

------------------------------------------------------------------
-- Procedure Section

-- This procedure uses the executable form for starting a transaction
procedure set-transaction
sqlcode;

set transaction read write;

-- This procedure opens the cursor that has been declared for the
-- physician table
procedure open_dr_row

indr name char (25)
sqicode;

open dr_row;

-- This procedure closes the cursor
procedure closedrrow

sqlcode;

close dr row;

-- This procedure fetches the data from the opened dr-row cursor
procedure fetchh_doctor

in dr name char (25)
in_dr_address char (25)
in_phone number char (11) inyphoneind smallint
in-office-hours char (20) in-officeind smallint
in-area char(5) in areaind smallint
inspecialty char (11) in_specialtyind smallint
in bedside manner int in bedsideind smallint
sqlcode; -

fetch drrow into indrname,
in draddress,
in_phonenumber indicator inphone ind,
inoffice hours indicator in officeind,
inarea indicator inarea_ind,
in specialty indicator in specialty ind,
inbedsidemanner indicator inbedsideind;

-- This procedure updates the doctor information by incrementing
-- the bedside manner
procedure incrementbedsidemanner

sqlcode;

update physician
set bedsidemanner - bedside manner -'

where current of dr-row;
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--This procedure adds a new insurance company to the database
procedure insertinsurance

in name char(20)
deduc real
ov real
drug real
sqlcode;

insert into insurance
values(inname,deduc,ov,drug);

--This procedure adds a new hospital to the database
procedure inserthosp

in name char(20)
in address char (20)
sqicode;

insert into hospital
values(inname,inaddress);

--This procedure adds a new dr to the database
procedure insert dr

indrname char (25)
indraddress char (25)
inphone number char (11) inyphoneind smallint
in office hours char (20) in off hrs ind smallint
in_area char(5) in areaind smallint-
inspecialty char (11) in_spec_ind smallint
in bedside manner int in bed manind smallint
sq3icode;

insert into physician
values(indr_name,in_dr_address,

inphone number in_phone-ind,
in-office hours inoff hrs_ind,
in area inarea ind,
in_specialty in_spec_ind,
inbedsidemanner inbedmanind);

--This procedure adds a new doctor & insurance pair to the
-- dr ins table
procedure insert drins

indrname char (25)
in insname char (20)
sqlcode;

insert into drins values (in dr name, in_insname);

--This procedure adds a new doctor & hospital pair to the
-- dr_hosp table
procedure insertdr_hosp

indrname char (25)
in_hosp_name char (20)
sqlcode;

insert into drhosp values (indrname, inhosp_name);

--This procedure tells doctors at a certain hospital
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procedure opendr_hosp
in_hospname char (20)
sqicode;

open dr_hosp;

-- This procedure fetches a row from the dr_hosp cursor
procedure fetch dr hosp

in dr name char (25)
indraddress char (25)
inphonenumber char (11) in_phone-ind smallint
sqlcode;

fetch dr_hosp into indrname,
indraddress,
inphonenumber indicator in phone-ind;

-- This procedure closes the cursor
procedure close_dr_hosp

sqlcode;

close dr_hosp;

--This procedure deletes a doctor from the dr table
procedure delete dr in dr

indr name char (25)
sqicode;

delete from physician
where dr_name - in_dr_name;

--This procedure deletes a doctor from insurance table
procedure delete dr in ins

in drname char (25)
sqlcode;

delete from dr ins
where dr name - in dr_name;

--This procedure deletes a doctor from the hospital table
procedure delete dr in hosp

in drname char (25)
sqlcode;

delete from dr hosp
where drname - indrname;

--This procedure selects all doctors w/ a certain
-- specialty within a certain area
procedure openspec_area

in-spec char (11)
in area char (5)
sqlcode;

open spec. area;

--This procedure will fetch a row from the spec area cursor
procedure fetchspecarea
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in_dr_name char (25)
in-draddress char (25)
inphonenumber char (11) in_phone-ind smallint
sqlcode;

fetch spec area into indrname,
in dr address,
in ohonenumber indicator inyphoneind;

-- This procedure closes the cursor
procedure close_spec_area

sqlcode;

close spec area;

--This procedure selects doctors with certain insurance
procedure opendoc ins

in ins name char (20)
sqicode;

open docins;

--This procedure will fetch a row from the doc ins cursor
procedure fetchdocins

in dr name char (25)
in dr address char (25)
inphonenumber char (11) inphone-ind smallint
sqlcode;

fetch doc ins into indrname,
in_dr_address,
inphonenumber indicator inphone-ind;

-- This procedure closes the cursor
procedure close_docins

sqlcode;

close docins;

--This procedure will update information about a doctor
procedure updatedoctor

indrname char (25)
indraddress char (25)
inphone number char (11) inphone-ind smallint
inoffice hours char (20) in office ind smallint
inarea char(5) in areaind smallint
in specialty char (11) in_specialtyind smallint
inbedsidemanner int in bedside ind smallint
sqlcode;

update physician
set dr address - in draddress,
phonenumber - inphonenumber in_phone_ind,
office hours - in office hours inofficeind,
area - inarea in-_areaind,
specialty - in specialty in specialty And,
bedsidemanner - in bedsidemanner in bedside ind
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where dr name - in dr name;

--This procedure selects doctors within a specific
-- area that honor a specific insurance
procedure openarea ins

in ins name char (20)
inarea char(5)
sqicode;

open area ins;

--This procedure will fetch a row from the area ins cursor
procedure fetchareains

in dr _:ame char (25)
in dr address char (25)
inphonenumber char (11) in phone-ind smallint
sqlcode;

fetch area ins into in dr name,
in_dr_address,
inphonenumber indicator inphone_ind;

-- This procedure closes the cursor
procedure close_areains

sqlcode;

close area ins;

-- This procedure commits the transaction
procedure committransaction

sqlcode;

commit;

-- This procedure rolls back the transact.on
procedure rollbacktransaction

sqlcode;

rollback;

Table D-6. Doctors Domview - Domain Definition Procedure

with abstract-domaingenerator;
with generator-support; use generator_support;

procedure doctors_domview is

type PACKNAMES is (doctors_def-enum_pkg, hospitaldefpkg,
insurancedef-pkg);

package DOMPACKS is new abstractdomain_generator (PACKNAMES);

begin
declare

type DOMS is (dr name, draddress, phonenumber, office_hours,
area, specialty, bedside-manner);

package DOMAINI is new DOMPACKS.generate-domain_package
(doctorsdefenumpkg , DOMS);
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package FIRST is new DOMAINl.generateint_domain
(dr_name, char, notnull, 1, 25);

package SECOND is new DOMAIN 1.generateint domain
(draddress, char, notnull, 1, 25);

package THIRD is new DOMAINl.generateint_domain
(phonenumber, char, nulland not null, 1, 11);

package FOURTH is new DOMAIN_l.generateint domain
(officehour3, char, nullandnot null, 1, 20);

type areas is (north, south, east, west);
package FIFTH is new DOMAINl.generateenum domain

(areas, area, enumeration, nulland_not_null);
package SIXTH is new DOMAIN_l.generateint_domain

(specialty, char, nullandnotnull, 1, 11);
package SEVENTH is new DOMAIN 1.generateint domain

(bedsidemanner, int, null andnotnull, 1, 10);
begin

DOMAIN_1.start_generation;
end;

declare
type DOMS is (insname, deductible, ovcopay, drugcopay);
package DOMAIN_2 is new DOMPACKS.generatedomainpackage

(insurancedef_pkg , DOMS);
package FIRST is new DOMAIN_2.generateint_domain

(ins name, char, notnull, 1, 20);
package SECOND is new DOMAIN 2.generate_flt domain

(deductible, real, not_null, 0.00, 2500.00);
package THIRD is new DOMAIN_2.generate_flt_domain

(ovcopay, real, notnull, 0.00, 25.00);
package FOURTH is new DOMAIN_2.generate_flt domain

(drugcopay, real, notnull, 0.00, 20.00);
begin

DOMAIN_2.start_generation;
end;

declare
type DOMS is (hospname, hosp_address);
package DOMAIN_3 is new DOMPACKS.generatedomainpackage

(hospital defpkg , DOMS);
package FIRST is new DOMAIN_3.generateint_domain

(hospname, char, notnull, 1, 20);
package SECOND is new DOMAIN_3.generate int domain

(haspaddress, char, notnull, 1, 20);
begin

DOMAIN_3. startgeneration;
end;

DOMPACKS.generatebase specific;

end doctors domview;

Table D-7. DoctorsDef EnumPkg - 1st A bstract Domain Package Specification

with sqlcharpkg;
use sql-charpkg;
with sqlintpkg;
use sql int pkg;
with sqlenumerationpkg;
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package doctors defenum pkg is

type dr namenn base is new sqlcharpkg.sqlcharnotnull;
subtype-dr_name notnull is drnamennbase (1..25);

type dr addressnn base is new sql_char pkg.sqlcharnot null;
subtype dr address-notnull is draddressnnbase (..25);

type phone numbernnbase is new sql charpkg.sqlcharnot null;
subtype phonenumbernot null is phone numbernnbase (..11);
type phonenumberbase is new sqlcharypkg.sql char;
subtype phonenumbertype is phone numberbase

(phonenumbernotnull'length);

package phonenumber ops is new
sqlchar_pkgsql_char ops (phonenumberbase,

phonenumbernnbase);

type office hoursnn base is new sql charpkg.sqlcharnotnull;
subtype officehours_not-null is officehoursnn base (l..20);
type office hours_base is new sql_charpkg.sql_char;
subtype officehours type is office hours base

(officehoursnotnull'length);

package officehours_ops is new
sqlcharpkgsqlchar ops (officehoursbase,

officehoursnnbase);

type areanotnull is (north, south, east, west);
package areaops is new

sqlenumeration pkg(areanotnull);

Iype specialtynn_base is new sql_char_pkg.sql charnotnull;
subtype specialtynot null is specialtynnbase (I..11);
type specialtybase is new sqlchar pkg.sqlchar;
subtype specialty type is specialty base

(specialty not null'length);
package specialty_ops is new

sql char pkg.sql charops(specialtybase,
specialtynnbase);

type bedside manner notnull is new sqlint_not null
range 1..10;

type bedsidemanner-type is new sql-int;
package bedsidemannerops is new

sqlint_ops (bedsidemannertype, bedsidemannernotnull);

en - doctors_def-enum pkg;

Table D-8. HospitalDefPkg - 2nd Abstract Domain Package Specification

with sqlchar.pkg;
use sqlchar_pkg;
package hospital defpkg is

type hospnamennbase is new sqlchar_pkg.sql_charnot null;
subtype hospname not null is hosp_namennbase (1..20);
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type hospaddressnnbase is new sqlchar_pkg.sqlcharnotnull;
subtype hosp_address_notnull is hospaddressnnbase (1..20);

end hospital-def_pkg;

Table D-9. InsuranceDef Pkg - 3rd Abstract Domain Package Specification

with sqlchar_pkg;
use sql_char_pkg;
with sql_realpkg;
use sqlrealypkg;
package insurance_defpkg is

type ins namennbase is new sqlchar_pkg.sqlcharnotnull;
subtype insnamenotnull is ins_namennbase (1..20);

type deductiblenotnull is new sql realnotnull
range 0.00000..2500.00000;

type ovcopay_notnull is new sql_realnotnull
range 0.00000..25.00000;

type drug_copay_notnull is new sql realnot null
range 0.00000..20.00000;

end insurance def_pkg;

Table D-1O. BaseSpecific Domains . Domain Description Specification

with generator-support;
use generator support;
package base_specificdomains is

type base specificdomain types is (drname not null,
dr_address_notnull, phone-numbernot_null,
phone numbertype,officehoursnot_null,
officehourstype, areanotnull, areatype,
specialty_not_null, specialtytype,
bedsidemanner_notnull, bedsidemanner type,
insnamenotnull, deductiblenotnull,
ov copay_notnull, drug copaynotnull,
hosp_name not null, hosp_address_not_null,
nulldomain type);

type corresponding concrete-types is (dr namenotnullchar_25,
dr address_notnullchar_25,phonenumbernotnullchar_ 11,
phonenumber_type_char_11, officehoursnotnullchar_20,
office hours_typechar_20, area not null_enumeration,
area typeenumeration, specialty_notnullchar11,
specialty _typechar_11, bedsidemanner notnullint,
bedsidemannertype_int, ins_namenot-null char_20,
deductible_not_null_real, ovcopaynotnullreal,
drugcopaynot nullreal, hosp_name_not nullchar_20,
hospaddress_notnullchar 20);

type valid-domain names is (doctors defenum_pkg, hospital defpkg,
insurancedefpkg);

6/19/90 page 95



LMSC-F376702 Conuact F19628418-D-00321002 CDRL 2020
USER'S MANUAL Appendx D: Sample Programs

type opspackages is (phonenumberops, officehours-ops, area ops,

specialty_ops, bedsidemannerops);

longest enumvalue : constant integer :- 5;

type domainpackage_array is array (positive range <>) of
validdomainnames;

end base specificdomains;

Table D-11. Doctors ntview Enum - 1st Interface Derinition Procedure

with basespecificdomains;
use base specificdomains;
with abstractinterface_generator;
with generator_support; use generator_support;

procedure doctors intviewenum is

type recordnames is (doctorrecord, insurancerecord,
hospital record, drins-record,
drhosp_record);

type proc names is (open-drrow, closedrrow, fetchdoctor,
insert insurance, inserthosp,
insertdr, insert_drins, insertdrhosp,
delete dx in dr, deletedrj.n ins,
delete dr in hosp, update do-tor,
conittransaction,. rollbacktransaction);

type ok-errors is (cursor_already_open, cursornotopen, not_found,
duplicate-value, fetchnotdone);

package myinterface is new abstract interface generator
("concrete interfaceenum", "abstract interfaceenum",
"dbms_specificenum", (1 -> doctors_def_enum pkg,
2 -> insurancedef_pkg, 3 -> hospital_def_pkg),
recordnames, procnames, okerrors,
(1-> 1001, 2-> -501, 3-> 100, 4-> -803, 5-> -508));

use myinterface;

begin
declare

type rec components is (dname, daddress, dphone, doffhrs,
darea, dspec, dbedman);

package recl is new recordgenerator (rec components,
doctorrecord);

package com 11 is new recl.component generator
(dname, drnamenot null);

package com_12 is new recl.component-generator
(daddress, draddressnot_null);

package com13 is new recl.component generator
(dphone, phonenumber type);

package com_14 is new recl.componentgenerator
(doff hrs, officehours type);

package com15 is new recl.componentgenerator
(darea, area-type) ;
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package corn_16 is new recl.component-generator
(dapec, specialty_:type):

package corn_17 is new recl.component-generator
(dbed-man, bedside manner type);

begin
red .generate-record;

end;

declare
type rec -components is (ins, ided, iov-co, idr-co);
package rec2 is new record_generator (red-components,

insurance-record);
package corn_21 is new rec2.component-generator

(ine, ins name not-null);
package corn_22 is new rec2.componen tgenerator

(ided, deductible not null);
package corn_23 is new rec2.component_generator

(iov-co, ov-copay_ not null);
package corn_24 is new rec2.component-generator

(idr-co, drug- copay_.not-null);
begin

rec2.generate-record:
end;

declare
type rec -components is (hname, haddress);
package rec3 is new recordgenerator (rec-components,

hospital-record);
package corn_31 is new rec3.component_generator

(hname, hosp- name _not-null);
package corn_32 is new rec3.component-generator

(haddress, ho3p-.Addresis-not-null);
begin

rec3 .generate-record;
end;

declare
type rec -components is (dname, ine);
package rec5 is new record generator (rec components,

dr-ins-record);
package corn_51 is new rec5.component generator

(dname, dr -name-not-null);
package corn_52 is new rec5.component_generator

(ine, ins name-not-null);
begin

rec5 .generate record;
end;

declare
type rec -components is (dnaine, hname);
package rec6 is new record-generator (rec_components,

dr;_hosp record);
package corn_61 is new rec6.component-generator

(dnaine, dr -name-not -null);
package corn_62 is new rec6..cornponent generator

(hname, hosp-name_not-null);
begin

rec6 .generate_record;
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end;

declare
type params is (indrname, result);
type paramsconc is (in_dr_name);
package procedurel is new procedure with_parametersgenerator

(procedure-name -> open_dr_row,
parameters -> params,
sqlstatement type -> open,
sql_module_procedure-name -> "open drrow",
params toconcrete-procedure -> params conc,
validerrors -> (1 -> cursoralreadyopen));

use procedurel;
package paraml is new params_ofdomaintypegenerator

(in drname, drnamenotnull);
package param2 is new params_of_error_conditions generator

(result);
begin

procedurel generateprocedure;
end;

declare
package procedure2 is new

procedurewithoutparametersgenerator
(procedurename -> close_drrow,
sqlstatementtype -> close,
sql_module_procedure name -> "close dr row");

begin
procedure2 generate_procedure;

end;

declare
type params is (dr_record, result);
type params_conc is (dname, daddress, dphone, doffhrs,

darea, dspec, dbed man);
package procedure3 is new procedurewith_parametersgenerator

(procedurename -> fetchdoctor,
parameters -> params,
sql statement type -> fetch,
sqlmoduleyprocedure name -> "fetch_doctor",
params toconcreteprocedure -> paramsconc,
validerrors -> (1 -> cursor not open,

2 -> notfound));
use procedure3;

package paraml is new paramsofrecordtypegenerator
(dr record, doctorrecord);

package param2 is new params_oferror conditions_generator
(result);

begin
procedure3 generateprocedure;

end;

declare
type params is (ins_record, result);
type params_conc is (iname, ided, iov_co, idr-co, result);
package procedure5 is new procedure withparametersgenerator

(procedurename -> insertinsurance,
parameters -> params, -
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sql__statemnt-type -> insert-values,
sql_moduleprocedure -name ->

Winsert insurance-,
params -to_- oncreteprocedure ->: params-conc,
valid-errors -> (1 -> duplicate-value));

use procedure5;
package paraml is new params-of-record-type generator

(ins -record, insurance-record);
package param2 is new params of error conditions_generator

(resuilt);
begin

procedure 5. gene rat eprocedure;
end;

declare
type params is (hosp-record, result);
type params -conc is (hname, haddress, result);
package procedure6 is new procedure -withyparameters_generator

(procedure -name -> insert-hosp,
parameters -> params,
sql-statemnt-type -> insert-values,
sql_modulejprocedure-name -> "insert-hosp",
params -to -concreteyprocedure -> params-conc,
valid-errors -> (1. -> duplicate-value));

use procedure6;
package parami is new parains-of-record-type _generator

(hosp_record, hospital -record);.
package param2 is now params-of-error-conditions_generator

(result);
begin

procedure 6. generateprocedure;
end;

declare
type params is (dr -record, result);
type params-conc is (dname, daddress, dphone, doff -hrs,

darea, dapec, dbed-man, result);
package procedure7 is new procedure - ithyparameters generator

(procedure-name -> insert-dr,
parameters -> params,
sql-statement type -> insert-values,
sql_module Procedure-name -> "insert-dr",,
params-to-concreteyprocedure -> params-conc,
valid errors -> (1 -> duplicate-value));

use procedure7;
package param. is new params-of-record-type _generator

(dr -record, doctor-record);
package param2 is new params-of error conditions generator

(result);
begin

procedure7.generateyprocedure;
end;

declare
type params is (dr-ins_rec, result);
type params -conc is (dname, ine, result);
package procedure8 is new procedure -withjparaineters_generator

(procedure-name -> insert-dr-ins,
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parameters -> params
sql-statement-type -> insert-values,
3ql_moduleprocedure-name -> "insert-dr-ins",
params to concreteyprocedure -> params conc,
valid-errors -> (1 -> duplicate-value));

use procedure8;
package parami is new params-of-record-type generator

(dr ins rec, dr ins record);
package param2 is new parains of-error conditions generator

(result);
begin

procedure B generateprocedure;
end;

declare
type pararns is (dr -hasp-rec, result);
type params -conc is (dname, hnaine, result);
package procedure 9 is new procedure -withparameters_generator

(procedure-name -> insert-dr-hosp,
parameters -> params,
sql-statement-type -> insert-values,
sql,_moduleprocedure-name -> "insert-dr-hosp",
params -to -concreteprocedure -> paraxns-conc,
valid-errors - (1 -> duplicate-value));

use procedure9;
package paraml is new parains of record-type generator

(dr hasp_rec, dr hosp_record);
package phram2 is new params -of -error-conditions_generator

(result);
begin

procedure 9 .generatejprocedure;
end;

declare
type param is (dro-name, result);
type parazns- conc is (dr -name, result);
package procedure13 is new

procedureywithy-arameters generator
(procedure -name -> delete-dr-in-dr,
parame-ters -> parans,
sql-statement type -> delete searched,
sql,_module~procedure -name ->

"delete -dr in dr",
params -to -concreteprocedure -> params conc,
valid-errors - (1 -> not found));

use procedurel3;
package paraml is new paraxns of domain type generator

(dr-nme drname-not-null);
package param2 is new params 'of error-conditions_generator

(result);
begin

procedure 13. generateprocedure;
end;

declare
type params is (dr_jname, result);
type params -conc is (dr -name, result);
package procedure14 is new
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procedure-withjparameters-generator
(procedure-name .> delete-dr-in-ins,
Parameters -> params,
sql statemnt -type -> delete-searched,
sql_moduleyprocedure -name ->

"1delete dr in ins",
params-to-concreteyprocedure -> params-conc,
valid-errors -> (1 -> not-found));

use procedurel4;
package parami is new params of domain type _generator

(dr 'name, dr name not null);
package parani2 is new params-of-error-conditions_generator

(result);
begin

procedure 14. generateprocedure;
end;

declare
type params is (d.rname, result);
type params -conc is (dr -name, result);
package procedurel5 is new

procedure-with-parameters generator
(procedure -name- delete-dr-in-hosp,
parameters -> params,
sql-statement type -> delete-searched,
3ql_modulejprocedure -name ->

"delete dr -in -hosp",
params -to -concrete~yrocedure -> parans conc,
valid-errors -> (1 -> not-found));

use procedurel5;
package parami1 is new params -of domain-type _generator

(dxrname, dr name not null);
package param2 is new params-of-error conditions generator

(result);
begin

procedure 15 generatepro,;edu~e;
end;

declare
package procedure19 is new

procedure-withoutparameters generator
(procedure -name -> commit-transaction,
sql-statement type -> comit,
sql moduleyprocedure -nam =>

"comnit-transaction");
begin

procedure 19. generateyprocedure;
end;

declare
package procedure2O is new

procedure-withoutparameters_generator
(procedurc -nam -> rollback-transaction,
sql-statement type -> rollback,
sql-moduleprocedure name ->

"rollback transaction");
begin

procedure2 . generateyprocedure;
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end;

declare
type params is (doc name, doc address, docphone,

doc--off-hrs, doc-area, doc-spec,
doc_bed-man, result) ;

type params cone is (doc name, doc address, docyphone,
doc of ffhrs, doc.area,
doc spec, doc-bed-man, result);

package procedure27 is new
procedure withyparametera generator

(procedure -name -> update-doctor,
parameters -> params,
sql statement-type -> update-searched,
sqlmodule-procedure-name -> "update-doctor",
params -to -concreteyprocedure -> params-cone,
valid-errors -> (1 -> duplicate-value));

Use procedure27;
package parami is new params -of -domain -type-generator

(doc-name, dr-name-not-null);
package param2 is new paranw -of domain type-generator

(doe-address,dr addresnot-null);
package param3 is new param3 -of domain type_generator

(doc-phone, phone-number type) ;
package param4 is new params of domain type -generator

(doc-off hrs, office-hours-type);
package param5 is new pararns-of -domain type_generator

(doc-area, area type);
package param6 is new param3 -of -domain-type_generator

(doc spec, specialty-_type);
package param7 is new param3 of domain type_generator

(doc-bed man,bed.;ide Imanner-type);
package paramB is new paramrs -of -error-conditions generator

(result);
begin

procedure2 7. gene rateprocedure;
end;

my _interface .generate-interface;

end doctors iniview enum;

Table D-12. Abstract Interface Enum - 1st Abstract Interface Package Specification

with DOCTORS DEF ENUM PKG;
use DOCTORSDEFENUMPKG;
with INSURANCEDEFPKG;
use INSURANCEDEFPiKG;
with HOSPITALDEFPKG;
use HOSPITALDEFPKG;
with sql standard;
use sqlstandard;

package abstract-interface-enum is

type valid-status-result-type is (CURSORALREADYOPEN,
CURSORNOTOPEN, NOTFOUND,
DUPLICATEVALUE, FETCHNOTDONE);
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type DOCTORRECORD is record
DNAME :DRNAMENOTNULL;
DADDRESS :DRADDRESSNOTNULL:
DPHONE :PRONENUMBERTYPE;
DOFFHRS :OFFICEHOURS TYPE:
DAREA :AREATYPE;
DSPEC :SPECIALTYTYPE;
DBEDMAN :BEDSIDEMANNERTYPE;

end record;

type INSURANCE_-RECORD is record
INAME :INSNAMENOTNULL;
IDED :DEDUCTIBLENOT_ NULL;
IOVCO :OVCOPAY_NOT_NULL;
IDRCO :DRUG_COPAY_NOT_NULL;

end record;

type HOSPITALRECORD is record
HNAME :HOSP NAMENOTNULL;
HADDRESS :HOSPADDRESSNOTNULL;

end record;

type DRINSRECORD is record
DNAME :DRNAMENOTNULL;
INAME :INSNAMENOTNULL;

end record;

type DRHOSPRECORD is record
DNAME :DRNAMENOTNULL;
HNAME :HOSPNAMENOTNULL;

end record;

procedure OPENDRROW(INDRNAME in DRNAMENOTNULL;
RESULT :out valid-status-result type) ;

procedure CLOSEDRROW;

procedure FETCHDOCTOR (DRRECORD in out DOCTORRECORD;
RESULT :out valid_status_result type) ;

procedure INSERTINSURANCE (INSRECORD :in INSURANCERECORD;
RESULT o ut valid-status-result type) ;

procedure INSERTHOSP(HOSPRECORD :in HOSPITALRECORD;
RESULT :out valid-status-result type) ;

procedure INSERTDR (DRRECORD :in DOCTORRECORD;
RESULT :out valid-status-result type) ;

procedure INSERTDR INS (DRINSREC :in DRINSRECORD;
RESULT : out valid-staitus-result type);

procedure INSERTDRHOSP (DRHOSPREC :in DRHOSPRECORD;
RESULT- out valid-status-result type);

procedure DELETE_-DR_-INDR (DR_-NAME :in DRNAMENOTNULL;
RESULT :out valid- status_result type);
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procedure DELETE DR IN INS (DRNAME : in DRNAMENOTNULL;
RESULT :-out validstatusresult type);

procedure DELETE DR IN HOSP (DRNAME : in DRNAMENOTNULL;
RESULT : out validstatusresult type);

procedure COMMITTRANSACTION;

procedure ROLLBACKTRANSACTION;

procedure UPDATEDOCTOR(DOC NAME : in DRNAMENOTNULL;
DOCADDRESS : in DRADDRESS_NOT_NULL;
DOCPHONE : in PHONE_NUMBER_TYPE;
DOCOFFHRS : in OFFICEHOURS_TYPE;
DOCAREA : in AREATYPE;
DOCSPEC : in SPECIALTYTYPE;
DOCBED MAN : in BEDSIDE MANNERTYPE;
RESULT - out valid status_result-type) ;

end abstractinterfaceenum;

Table D-13. Abstract InterfaceEnum - 1st Abstract Interface Package Body

with sqlcommunicationspkg, sqldatabaseerrorpkg, conversions,
concrete_interfaceenum;

use sqlcommunicationsjpkg, sqldatabase error_pkg, conversions;

package body abstract interfaceenum is

use PHONENUMBEROPS, OFFICEHOURSOPS, AREA_OPS, SPECIALTYOPS,
BEDSIDEMANNER_OPS;

CURSORALREADYOPENVALUE : constant :- 1001;
CURSORNOTOPEN VALUE : constant :- -501;
NOTFOUNDVALUE: constant :- 100;
DUPLICATEVALUEVALUE constant. :- -803;
FETCHNOTDONEVALUE constant :--508;

procedure OPENDRROW(INDR NAME in DRNAMENOTNULL;
RESULT : out validstatusresult type) is

begin

concreteinterfaceenum.opendr_row
(CHAR(INDRNAME), SQLCODE);

if sqlcode - CURSORALREADYOPEN VALUE then
RESULT - CURSORALREADY_OPEN;

elsif sqlcode /- 0 then
processdatabase error;
raise sql databaseerror;

end if;
end OPENDRROW;

procedure CLOSEDRROW is
begin

concrete interface enum.close dr row (sqlcode);
if sqlcode /- 0 then

process_database_error;
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raise sql database-.error;
and if;

end CLOSEDRROW;

procedure FETCHDOCTOR (DRRECORD :in out DOCTORRECORD;
RESULT :out valid -status -result-type) is

DPHONE c: CHAR(..11) :- (others -

DPHONi indic :indicator-type;
DOFFHRSc: CHAR(1..20) :- (others => );

DOFFHRS~indic :indicator type;
DAREA-c 7:char (1.. 5) :- -(others -> );

DAREA indic :indicator type;
DSPEC-c :CHAR(1..11) :Z (others -> );

DSPECindic indicator-type;
DEEDMNC INT;
DBEDMAN-indic :indicator-type;

begin
concrete-interface-enwa.fetch-doctor (CHAR(DRRECORD.DNAME),

CHAR (DRRECORD. DADDRES S),
DPHONE-c, DPHONEindic,
DOFFHRS-c, DOFF HRS indic,
DAREA_-c, DAREA indic, DSPEC c,
DSPEC indic, DEEDMANc,
DEED MAN-indic, SOLCODE);

if sqlcode -CURSORNOTOPENVALUE then
RESULT :CURSORNOTOPEN;

elsif sqlcode - NOTFOUNDVALUE then
RESULT :- NOTFOUND;-

elsif sqlcode /- 0 then
process-database-error;
raise sql database-error;

else
assign (DR RECORD .DPHONE,

PHONENUMER-base(convert(DPHONE-c, DPHONE-indic)));
assign (DRRECORD.DOFFHRS,

OFFICEiHOURS-base (convert (DOFFHRS-c, DOFFHRS-indic)));
assign (DR_-RECORD .DAREA,

with nPull(AREANOTNULL'value(string(DAREA-c))));
assign (DR RECORD .DSPEC,

SPECIALTY base(convert(DSPEC c, DSPEC-indic)));
assign (DR RECORD.DBEDMAN,

BEDSIDiMANNERTYP E (convert (DBEDMANC, DBEDMAN-indic)));
end if;

end FETCHDOCTOR;

procedure INSERTINSURANCE (INS_-RECORD :in INSURANCE-RECORD;
R~ESULT :out valid-status-result-type) is

begin
concrete-interface-enum. insert-insurance (CHAR (INSRECORD. INAME),

REAL (INSRECORD. IDED),,
REAL(INSRECORD.IOVCO),
REAL (INSRECORD. IDRCO),
SOLCODE);

if sqlcode -DUPLICATEVALUEVALUE then
RESULT :-DUPLICATEVALUE;

elsif sqlcode /- 0 then
process -database -error;
raise sql database-error;
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end if;
end INSERTINSURANCE;

procedure INSERTHOSP (HOSP_-RECORD :in HOSPITALRECORD;
RESULT :out valid-status-result type) is

begin
concrete -interface enum.irisert hosp (CHA.R(HOSPRECORD.HNAME),
CHAR(HOSPRECORD.HLADDRESS), SQLCODE);
if sqicod:e - DUPLICATEVALUEVALUE then

RESULT :DUPLICATEVALUE;
elsif sqicode /- 0 then

process-database-error;
raise sql database-error;

end if;
end INSERTHOSP;

procedure INSERTDR (DRRECORD :in DOCTORRECORD;
RESULT :out valid-status-result type) is

DPHONE-c :CHAR(l..l1) :- (others -
DPHONE indic :indicator- type;
DOFFHRS c :CHAR(l..20) :- (others ->'
DOFFMRS-indic :indicator -type;
DAREA c :char (l.. 5) :- (others -
DAREA indic :indicator type;
DSPEC~c :CHAR(l..ll) :- (others =
DSPEC indic indicator-type;
DEEDMAN c INT;
DEED_-MAN -indic :indicator-type;

begin
if is null (DRRECORD.DPHONE)

then DPHONE indic :- -1;
else DPHONE indic :- 0;

DPHONE_c :- char(without-null-base(DRRECORD.DPHONE));
end if;
if is null (DRRECORD.DOFFHRS)

then DOFFHRS indic :- -1;
else DOFFMRS indic :- 0;

DOFFMRS-c := char(vithout-null base(DRRECORD.DOFFHRS));
end if;
if is_nrull (DRRECORD.DAREA)

then DPAREA~indic :- -1;
else DAREA-indic :- 0;

DAREA-c :-
char(AREANOTNULL'image(without-null(DRRECORD.DAREA)));

end if;
if is null(DRRECORD.DSPEC)

then DSPEC indic :- -1;
else DSPEC indic :- 0;

DSPEC -c :- char(without-null-base(DRRECORD.DSPEC));
end if;
if is null(DRRECORD.DBEDMAN)

then DEEDMAN-indic : -1-;
else DEEDMAN-indic :- 0;

DEED_-MAN-c :- INT(without-null-base(DRRECORD.DBEDMAN));
end if;
concrete interface enum.insert-dr (CHAR(DRRECORD.DNAME),

CHAR(DRRECORD.DADDRESS),
DPHONE-c, DPHONE_indic,
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DOFFHRS-c, DOFFHRS-indic,
DAREAc, DAREA-indic, DSPEC-c,
DSPEC-indic, DEEDMAN-c,
DBEDMAN-indic, SOLCODE);

if sqicode -DUPLICATE-VALUEVALUE then
RESULT :DUPLICATEVALUE;

elsif sqicode /- 0 then
process -database-error;
zaise sql-database-error;

end if;
end INSERTDR;

procedure INSERTDRINS (DRINS_-REC :in~ DRINS_-RECORD;
RESULT :out valid-status-result-type) is

begin
concrete-int erface-enum.insert dr ins (CHAR(DRINSREC.DNAME),

CHAR(DRINSREC.INAZ4E), SOLCODE);
if sqlcode =DUPLICATEVALUEVALUE then

RESULT :DUPLICATEVALUE;
elsif sqicode /- 0 then

process -database -error;
raise sql_database-error;

end if;
end INSERTDRINS;

procedure INSERTDRHOSP (DR_-HOSP_-REC :in DR_-HOSP_-RECORD;
RESULT :out valid-status-result-type) is

begin
concrete-interface-enum.insert-dr-hosp (CHAR(DRHOSPREC.DNAME),

CHAR(DRHOSPREC.HNAME), SQLCODE);
if sqlcode -DUPLICATEVALUEVALUE then

RESULT :DUPLICATEVALUE;

elsif sqlcode /- 0 then
process -database -error;
raise sql_database error;

end if;
end INSERT-DR-HOSP;

procedure DELETE_-DR_-INDR(DR_-NAME :in DRNAMENOTNULL;
RESULT :out valid-st atus-result-type) is

begin
concrete-interface-enum.delete-dr-in-dr(CHAR(DRNAME),

SQLCODE);
if sqlcode -NOT_-FOUNDVALUE then

RESULT :-NOTFOUND;
elsif sqlcode I- 0O then

process -database -error;
raise sql_database error;

end if;
end DELETEDRINDR;

procedure DELETEDRININS (DR_-NAME :in DR_-NAME_-NOTNULL;
RESULT :out valid-status-result-type) is

begin
concrete-interface-enum.delete-dr-in-ins (CHAR(DRNAME),

SQLCODE);
if sqlcode -NOT_-FOUNDVALUE then

RESULT :NOTFOUND;
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elsif sqicode /- 0 then
processdatabase error;
raise sql database error;

end if;
end DELETEDR ININS;

procedure DELETE DR IN HOSP (DRNAME : in DRNAMENOTNULL;
RESULT : out valid_statusresulttype) is

begin
concreteinterfaceenum.delete dr in hosp (CHAR(DRNAME),

SQLCODE);
if sqlcode - NOTFOUNDVALUE then

RESULT : NOTFOUND;
elsif sqlcode /- 0 then

process database-error;
raise sql database_error;

end if;
end DELETEDRINHOSP;

procedure COMMIT_TRANSACTION is
begin

concreteinterface enum.comit transaction (sqlcode);
if sqlcode /- 0 then

process database error;
raise sql databaseerror;

end if;
end COMMIT-TRANSACTION;

procedure ROLLBACKTRANSACTION is
begin

concrete interface enum.rollbacktransaction (sqlcode);
if sqlcode /- 0 then

processdatabase error;
raise sql database_error;

end if;
end ROLLBACKTRANSACTION;

procedure UPDATEDOCTOR(DOCNAME : in DRNAME NOTNULL;
DOC_ADDRESS : in DR_ADDRESS_NOTNULL;
DOC_PHONE : in PHONE_NUMBERTYPE;
DOCOFF HRS : in OFFICEHOURS_TYPE;
DOC-ARE : in AREA TYPE;
DOC SPEC : in SPECIALTY TYPE;
DOCBED MAN : in BEDSIDE MANNERTYPE;
RESULT 7- out validstatus-_result-_type) is

DOCPHONEc:CHAR(PHONENUMBERNOTNULL'range):- (others -> '

DOCPHONE indic : indicatortype;
DOCOFF_HRS c:CHAR(OFFICE HOURS NOT NULL'range):-(others ->' ');
DOCOFF HRS-indic : indicator type;
DOC AREA c : char (1.. 5) :- (others-> '
DOCAREAindic : indicatortype;
DOCSPECc : CHAR(SPECIALTY_NOTNULL'range) :- (others-> '
DOC_SPECindic indicator_type;
DOCBED MAN-c INT;
DOCBEDMANindic : indicator-type;

begin
if is null (DOCPHONE)
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then DCPHONE indic :m -1;
else DCPHONE indic :- 0;

DCPRONE_ c:- char(without-null-base(DOCPHONE));
end if;
if is null (DOCCOFFHRS)

then DCOFFHRS indic : 1
else DCOFFHRSindric :- 0;

DCOFF_ -HRS -c-: char(without-null-base(DOC._OFFHRS));
end if;
if is null(DOCAREA)

then DCAREA indic : 1
else DCAREA indic :- 0;

DCAREAc :- char(AREANOTI4ULL'image(without-null(DCAREA)));
end if;
if is null(DCSPEC)

then DCSPEC indic:-;
else DCSPEC indic :- 0;

DCSPEC_ c:- char(without-null-base(DCSPEC));
end if;1
if is -null (DOCCBEDMAN)

then DCBEDMON indic:-1
else DCCDMAN indic :- o;

DCEDMARNc :- INT(without-null-base(DCBEDMAN));
end if;
concrete-interface-enum.update-doctor (CHAR(DOCNAME),

CHAR(DOCADDRESS), DCPHONE c,
DCPHONE indic, DCO(FFHRS_-c,
DCCOFF_-HRS -indic, D0CCAREA_c, DC-AREA indic,
DCCSPEC c, DOCCSPEC indic,
DCCBEDMAN _p, DOCCBEDMANindic, SQLCCDE);

if sqlcode -DUPLICATEVALUEVALUE then
RESULT :-DUPLICATEVALUE;

elsif sqlcode /- 0 then
process -database-error;
raise sql-database-error;

end if;
end UPDATEDOCTOR;

end abstract-interface-enum;

Table D-14. Concretejnterface.Enum - 1st Concrete Interface Package Specification

with sql-standard; use sql standard;

package concrete-interface-enum is

procedure open-dr-row (INDRNAME :in CHAR;
.sqlcode :out sql_atandard.sqlcode-type);

pragma interface (sql, open_dr_row);

procedure close-dr-row(sqlcode :out sql_standard.sqlcode type);
pragma interface (sql, close-dr-row);

procedure fetch doctor (DNAME: in out CHAR; DADDRESS: in out CHAR;
DPHONE7 in out CHAR;
DPHONE indic :out sql_standard.indicator type;
DOFFHRS :in out CHAR;
DOFF_'HRS indic :out sql_standard.indicator type;
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DAREA :in out CHAR;
DAREA indic :out sql_staiidard.indicator-type;
DSPEC7 in out CHAR;
DSPEC indic :out sql_staridard.indicator-type;
DBEDRAN :in out INT;
DBEDMAN Tindic :out sql_Standard.indicator-type;
sqicode :out sql_standard.sqlcode type);

pragma interface (sql, fetch-doctor);

procedure insert insurance(INAME: in CHAR;
IDED: in REAL;
IOyCO: in REAL;
IDRCo: in REAL;
sqi~code : out sql,_standard.sqlcode-type);

pragrna interface (sql, insert-insurance);

procedure insert-hosp(HNAME: in CHAR;
HADDRESS: in CHAR;
sqlcode : out sql standard.sqlcode type);

pragma interface (sql, insert-hosp);

procedure insert-dr(DNAME: in CHAR;
DADDRESS: in CHAR;
DPHONE :in out CHAR;
DPHONE indic : in sql standard.indicator-type;
DOFFHRS :in out CH.AR;
DOFFHRS indic:in sql standard.indicator-type;
DARER : -In out CHAR;
DAREA indic -. in sql._standard.indicator-type;
DSPEC: in out CHAR;-
DSPEC indic : in sql_standard.indicator-type;
DBEDRAN :in out INT;
DBED_-MAN indic:in sql standard-indicator-type;
sqlc ode 7:out sql_standard.sqlcode type);

pragma interface (sql, insert-dx);

procedure insert-dr-ins(DNAME: in CHAR;
INAME: in CHAR;
sqlcode :out sql standard.sqlcode-type);

pragma interface (sql, insert-dx-ins);

procedure insert-dr-hosp(DNAME: in CHAR;
HNAME: in CHAR;
sqlcode :out sql standard.sqlcode-type);

pragma interface (sql, insert-dr-hosp);

procedure delete-dr-in -dx(DRNAME : in CHAR;
sqlcode : out sql standard.sqlcode-type);

pragm interface (sql, delete-dx-in-dx);

procedure delete dr-in -ins (DRNAME :in CHAR;
- qlcode :out sqlstandard.sqlcode-type);

pragma interface (sql, delete-dr-in-ins);

procedure delete dr inhosp(DR_-NAME :in CHAR;
- sqlcode :out sql_standard.sqlcode_type);

pragma interface (sql, delete-dr-inhosp);
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procedure committransaction
(sqlcode : out sql_standard.sqlcodetype);

pragma interface (sql, committransaction);

procedure rollback_transaction
(sqlcode : out sql standard.sqlcodetype);

pragma interface (sql, rollbacktransaction);

procedure updatedoctor(DOCNAME : in CHAR;
DOC ADDRESS : in CHAR;
DOC PHONE : in CHAR;
DOCPHONEindic : in sqlstandard.indicatortype;
DOCOFF_HRS : in CHAR;
DOC_OFF_HRSindic : in sql standard.indicatortype;
DOC_AREA : in CHAR;
DOC AREAindic : in sql_standard.indicator type;
DOC_SPEC: in CHAR;
DOCSPECindic : in sqlstandard.indicator type;
DOCBED_MAN : in INT;
DOCBEDMAN indic : in sql standard.indicatortype;
sql7code-: out sql_standard.sqlcodetype);

pragma interface (sql, updatedoctor);

end concreteinterfaceenum;

Table D-15. DbmsSpecificEnum - 1st Interface Description Text File

open_drrow INDRNAME in CHAR 25
open dr row sqlcode out sqlcode type
close_dr_row sqlcode out sqlcode type
fetchdoctor DNAME inout CHAR 25
fetch_doctor DADDRESS inout CHAR 25
fetch doctor DPHONE'in out CHAR 11
fetch-doctor DPHONEindic out indicator type
fetchdoctor DOFF HRS in out CHAR 20
fetch-doctor DOFF-HRSin-dic out indicatortype
fetch_doctor DAREA in out CHAR 5
fetch_doctor DAREAindic out indicator type
fetch_doctor DSPEC in out CHAR 11
fetch_doctor DSPECindic out indicator type
fetch_doctor DBED_MAN in out INT
fetchdoctor DBED MAN indic out indicatortype
fetchdoctor sqlcode out sqlcodetype
insertinsurance INAME in CHAR 20
insert insurance IDED in REAL
insert insurance IOV CO in REAL
insert-insurance IDRCO in REAL
insert-insurance sqlcode out sqlcode-type
inserthosp HNAME in CHAR 20
insert hosp HADDRESS in CHAR 20
insert hosp sqlcode out sqlcode type
insert dr DNAME in CHAR 25
insert dr DADDRESS in CHAR 25
insert dr DPHONE in out CHAR 11
insert-dr DPHONEindic in indicator type
insertdr DOFF HRS in out CHAR 20
insertdr DOFFHRSindic in indicatortype
insertdr DAREA inout CHAR 5
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insertdr DAREA indic in indicatortype
insertdr DSPEC in out CHAR 11
insert_dr DSPEC in-dic in indicatortype
insert_dr DBED MAN in out INT
insertdr DBED-MANin-dic in indicatortype
insertdr sqlcode out sqlcode type
insertdrins DNAME in CHAR 25
insert dr ins INAME in CHAR 20
insertdrins sqlcode out sqlcodetype
insert_dr_hosp DNAME in CHAR 25
insertdrhosp HNAME in CHAR 20
insert dr hosp sqlcode out sqlcodetype
delete dr in dr DRNAME in CHAR 25
delete dr in dr sqlcode out sqlcode type
delete dr in ins DRNAME in CHAR 25
deletedrinins sqicode out sqlcode type
delete dr in hosp DRNAME in CHAR 25
delete drin hosp sqicode out sqlcodetype
commit -ttransaction sqlcode out sqlcode type
rollback-transaction sqlcode out sqlcode type
updatedoctor DOCNAME in CHAR 25
updatedoctor DOCADDRESS in CHAR 25
updatedoctor DOCPHONE in CHAR 11
updatedoctor DOCPHONEindic in indicator-type
updatedoctor DOCOFFHRS in CHAR 20
updatedoctor DOCOFFHRSindic in indicator-type
updatedoctor DOCAREA in CHAR 5
updatedoctor DOCAREAindic in indicatortype
updatedoctor DOCSPEC in CHAR 11
updatedoctor DOCSPECindic in indicator type
updatedoctor DOCBEDMAN in INT
updatedoctor DOCBEDMANindic in indicator-type
update_doctor sqlcode out sqlcodetype

Table D-16. Doctors Intview2 - 2nd Interface Definition Procedure

with basespecificdomains;
use base specificdomains;
with abstractinterfacegenerator;
with generator support; use generator_support;

procedure doctorsintview2 is

type recordnames is (shortdoctorrecord);

type procnames is (incrementbedsidemanner, open_dr_hosp,
fetchdrhosp, closedrhosp, openspec area,
fetch specarea, close specarea,
open_doc ins, fetch docins, close docins,
openarea_ins, fetchareains, close_area_ins,
settransaction);

type okerrors is (cursor alreadyopen, cursor_not_open, not_found,
duplicatevalue, fetchnotdone);

package my_interface is new abstract interfacegenerator
("concreteinterfaceII",
"abstractinterfaceII",
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"dbms-specificl",
(1l- doctors-def-enunjPkg,
2 ->insurance-defjpkg,
3 ->hospital def~pkg),
record names,
proc-names,
ok errors,
(1001, -501, 100, -803, -508));

use my interface;

begin
declare

type rec -components is (dname, daddress, dphone);
package rec4 is new record,_generator (rec-components,

short -doctor-record);
package corn_41 is nev rec4.component generator

(driame, dr -name-not-null);
package corn_42 is new rec4.component generator

(daddress, dr -address -not-null);
package corn_43 is new rec4.component generator

(dphone, phone number-type);
begin

rec4.generate-record;
end;

declare
type params is (result);
type param- conc is (result);
package procedure4 is new procedure vithyparameters generator

(procedure -name -> increment-bedside-manner,
parameters -> params,
sqlStatemnt-type -> updateypositioned,
sql_modulejprocedure-name ->

"increment-bedside-manner",
params -to -concreteprocedure -> params-canc,
valid -errors -> (1 -> cursor-not-open,
2 -> fetch-not done));

use procedure4;
package paraml is new params -of -error-conditions_generator

(result);
begin

procedure 4.generateprocedure;
end;

declare
type params is (has -name, result);
type params-canc is (hos -name, result);
package procedurelO is new

procedure-withjparameters generator
(procedure -name -> open-dr-hosp,
parameters -> paraMs,
sql-statement_type -> open,
3ql_rnoduleprocedure -name -> "open_dr_hosp",
params -to -concreteyprocedure -> parains-conc,
valid-errors -> (1 -> cursor-already open));

use procedurelO;
package paraml is new params -of -domain -type generator

(has-name, hasp-name-not-null);
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package param2 is new params-of-error-conditions generator
(result);

begin
procedurelO generateprocedure;

end;

declare
type param- is (short doctor rec, result);
type params -conc is (dname, daddress, dphone, result);
package procedurell is new

procedure withjParameters-generator
(procedure -name -> fetch -dr -hosp,
parameters -> parans,
sql statement type -> fetch,
sqlmodule procedure-name -> "fetch-dr-hosp",
params -to -concrete-Procedure -> params-conc,
valid,-errors -> (1 -> cursor-not_open,
2 -> not-found));

use procedurell;
package parami is new params of record type _generator

(short-doctor _rec, shor
t-doctor -record);
package param2 is new paras sof error-conditions generator

(resuilt);
begin

procedurell .generatejprocedure;
end;

declare
package procedure12 is new

procedure-vithoutyparameters_generator
(procedure -name -> close-drzh0sp,
sql-statement -type -> Close,
sqlmodulejprocedure name -> "close-dr-hosp");

begin
procedurel2 generateprocedure;

end;

declare
package procedure13 is new

procedure-withoutparameters generator
(procedure -name -> set -transaction,
sql-statement-type -> close,
sqlmoduleprocedure-name->"et-transaction");

begin
procedure 13.generateprocedure;

end;

declare
type params is (insurance -name, area -name, result);
type params-conc is (insurance name, area-name, result);
package procedurel6 is new

procedure with-parameters_generator
(procedure -name -> open -area-ins,
parameters -> params,
sql-statement -type -> open,
sql moduleprocedure name -> "open_area ins",
params-to-concreteyprocedure -> params-conc,
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validerrors -> (1 -> cursor_already_open));
use procedurel6;

package paraml is new params of domain typegenerator
(insurancename,ins_name notnull);

package param2 is new params of domain typegenerator
(areaname, areanotnull);

package param3 is new params of errorconditionsgenerator
(result);

begin
procedurel6 generateprocedure;

end;

declare
type params is (shortdoctor rec, result);
type paramsconc is (dname, daddress, dphone, result);
package procedurel7 is new

procedurewithyparameters generator
(procedurename -> fetchareains,
parameters -> params,
sqlstatement type -> fetch,
sql_module_procedurename -> "fetch area ins",
paramstoconcrete_procedure -> params conc,
validerrors -> (1 -> cuzsornotopen,
2 -> notfound));

use procedurel7;
package paraml is new params of record typegenerator

(shortdoctorrec,shortdoctorrecord);
package param2 is new params_oferrorconditions generator

(result);
begin

procedurel7 generate_procedure;
end;

declare
package procedure18 is new

procedurewithoutparametersgenerator
(procedurename -> close areains,
sql_statementtype -> close,
sql_moduleprocedure name-> "closeareains");

begin
procedure 18. generateyprocedure;

end;

declare
type params is (insurancename, result);
type param-s conc is (insurancename, result);
package procedure2l is new

procedurewithyparameters generator
(procedure name -> open_doc_ins,
parameters -> params,
sql_statement type -> open,
sql-module_procedure name -> "opendocins",
params to concreteprocedure -> params_conc,
validerrors -> (1 -> cursoralready open));

use procedure2l;
package paraml is new params of domain_typegenerator

(insurancename, ins_name-notnull);
package param2 is new params oferrorconditionsgenerator
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(result);
begin

procedure21. generatejprocedure;
end;

declare
type params is (short doctor rec, result);
type params -conc is (dnarne, daddress, dphone, result);
package procedure22 is new

procedure withjparameters-generator
(procedure -name -> fetch-doc-ins,
parameters -> params,
sql statement -type -> fetch,
sql,_modulejprocedure name -> "fetch doc ins",
params -to -concreteyprocedure -> params-conc,
valid-errors -> (1 -> cursor-not--open,
2 -> not-found));

use procedure22;
package paraml is new params of record type generator

(short doctor rec, s hort doctor record);
package param2 is new paraxns-of-error-conditions_generator

(result);
begin

procedure22.generatejprocedure;
end;

declare
package procedure23 is new

procedure withoutjparameters generator
(procedure -name -> close-doc-ins,
sql_statmnt-type -> close,
sqlmoduleprocedure name -> "close-doc-ins");

begin
procedure23.generateprocedure;

end;

declare
type params is (specialty, area -name, result);
type params -conc is (specialty, area-name, result);
package procedure24 is new

procedure vith-parameters generator
(procedure-name -> open spec-area,
parameters -> params,
sql statement-type -> open,
sql moduleyrocedure-name -> "open spec area",
params-to-concreteyprocedure -> params-conc,
valid errors ->(1 -> cursor-already open));

use procedure24;
package parami is new param -of-domain-t ype generator

(specialty, specialty_not -null);
package param2 is new paraxs-of-domain-type generator

(area-name, area-not-null);
package param3 is new parars -of error conditions_generator

(result);
begin

procedure24 .generateyprocedure;
end;
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declare
type params is (short doctor rec, result);
type paraxns_conc is (dname, daddress, dphone, result);
package procedure25 is new

procedureywithparameters_generator
(procedure-name -> fetch-spec-area,
parameters -> parains,
sql_statemnt-type -> fetch,.
sql_moduleyrocedure name-> "fetch -Spec-area",
params to concreteyprocedure -> params-conc,
valid errors -> (1 -> cursor-not-open,
2 -> not-found));

use procedure25;
package parami is new paramrs of record -type generator

(short-doctor-rec, s hort doctor record);
package param2 is new parazns -of -error-conditions generator

(result);
begin

procedure25.generateprocedure;
end;

declare
package procedure26 is new

procedure-withoutyparameters generator
(procedure -name -> close-spec-area,
sql-statement-type -> close,

begin sql_moduleprocedure-name->"close-spec area");

procedure2 6. generateyprocedure;
end;

my interface .generate-interface;

end doctors-iritview2;

Table D-17. AbstractInterfacefl- 2nd Abstract Interface Package Specification

with DOCTORS-DEE' ENUM-PKG;
use DOCTORSDEF ENUMPKG;
with INSURANCEDE'_PKG;
use INSURANCEDE'_PKG;
with HOSPITALDEE'_PKG;
use HOSPITALD5EF _PKG;
with sql -standard;
use sql_tandard;

package abstract-interfacell is

type valid-status-result type is
(CURSOfl_ ALREADYOPEN, CURSORNOTOPEN,
NOTFOUND, DU]PLICATEVALUE, FETCHNOTDONE);

type SHORT_-DOCTORRECORD is record
DNAME :DRNAMENOTNULL;
DADDRESS :DRADDRESNOTNULL;
DPHONE :PHONENUMBERTYPE;

end record;
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procedure INCREMENTBEDS IDEMANNER
(RESULT : out validstatusresult type);

procedure OPENDRHOSP(HOSNAME : in HOSPNAMENOTNULL;
RESULT : out valid statusresult type);

procedure FETCHDRHOSP
(SHORTDOCTORREC : in out SHORTDOCTORRECORD;

RESULT : out valid statusresulttype);

procedure CLOSEDRHOSP;

procedure SETTRANSACTION;

procedure OPENAREAINS
(INSURANCENAME : in INSNAMENOTNULL;
AREANAME : in AREANOTNULL;
RESULT : out valid status_result_type);

procedure FETCHAREAINS
(SHORT_DOCTORREC : in out SHORTDOCTORRECORD;

RESULT : out valid_status_resulttype);

procedure CLOSEAREAINS;

procedure OPENDOCINS
(INSURANCENAME : in INSNAMENOTNULL;
RESULT : out valid statusresulttype);

procedure FETCHDOC INS
(SHORTDOCTORREC : in out SHORT DOCTOR RECORD;

RESULT : out valid status_resulttype);

procedure CLOSEDOC INS;

procedure OPENSPEC AREA(SPECIALTY : in SPECIALTYNOTNULL;
AREANAME : in AREANOTNULL;
RESULT : out valid_status_resulttype);

procedure FETCHSPEC AREA
(SHORTDOCTOR REC : in out SHORTDOCTORRECORD;

RESULT : out valid_status_result type);

procedure CLOSESPECAREA;

end abstract interfaceII;

Table D-18. AbstractInterfacefI - 2nd Abstract interface Package Body
with sqlconmnunications_pkg, sql databaseerrorpkg, conversions,

concreteinterfaceII;

use sql conmnunicationspkg, sql_database errorpkg, conversions;

package body abstractinterfaceIl is

use PHONENUMBEROPS, OFFICEHOURSOPS, AREAOPS, SPECIALTY OPS,
BEDSIDEMANNEROPS;
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CURSORALREADYOPENVALUE : constant :- 1001;
CURSORNOTOPENVALUE : constant :- -501;
NOT FOUND VALUE : constant :- 100;
DUPLICATE VALUE VALUE constant :--803;
FETCHNOT-DONE VALUE constart :--508;

procedure INCREMENT-BEDSIDE MANNER
(RESULT : out validstatus resulttype) is

begin
concreteinterfaceII.incrementbedside-manner (SQLCODE);
if sqlcode - CURSORNOTOPENVALUE then

RESULT : CURSORNOTOPEN;
elsif sqlcode - FETCHNOT _DONE VALUE then

RESULT :- FETCH_NOT_DONE;
elsif sqlcode /- 0 then

processdatabase_error;
raise sql databaseerror;

end if;
end INCREMENTBEDSIDEMANNER;

procedure OPENDRHOSP
(HOSNAME : in HOSPNAMENOTNULL;
RESULT : out valid_status_result type) is

begin
concreteinterfaceII.open dr hosp ( CHAR(HOSNAME), SQLCODE);
if sqlcode - CURSOR ALREADY OPEN VALUE then

RESULT :- CURSORALREADYOPEN;
elsif sqlcode /- 0 then

process databaseerror;
raise sql databaseerror;

end if;
end OPENDRHOSP;

procedure FETCHDRHOSP
(SHORTDOCTORREC : in out SHORTDOCTORRECORD;

RESULT : out validstatus result-type) is
DPHONEc : CHAR(l..11) :- (others-> '

DPHONEindic : indicator-type;
begin

concrete interfaceII.fetchdrhosp
(CHAR(SHORTDOCTORREC.DNAME),
CHAR (SHORT_DOCTORREC.DADDRESS),
DPHONE c, DPHONE indic, SQLCODE);

- if sqlcode - CURSORNOT_OPENVALUE then
RESULT :- CURSOR_NOT_OPEN;

elsif sqlcode - NOTFOUND VALUE then
RESULT :- NOT FOUND;

elsif sqlcode /- 0 then
process-databaseerror;
raise sqldatabase error;

else
assign(SHORT_DOCTORREC.DPHONE,

PHONENUMBERbase(convert(DPHONEc, DPHONE indic)));
end if;

end FETCHDRHOSP;

procedure CLOSEDRHOSP is
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begin
concrete interfacell.close-dr-hosp (sqlcode);
if sqicode /- 0 then

process-database-error;
raise sql database-error;

end if;
end CLOSEDRHOSP;

procedure SETTRANSACTION is
begin
concrete interfacelset-transaction (sqicode);
if sqicode /- 0 then

process-database-error;
raise sql database-error;

end if;
end SETTRANSACTION;

procedure OPENAREAINS
(INSURANCETNAME :in INSNAMENOTNULL;
AREA NAME :in AREANOTNULL;
RESULT :out valid'status-result type) is

begin
concrete interfacell open .area ins (CHAR (INSURANCE_-NAME),

CHAR(AREANOT_-NULL' mage(AREANAME)), SQLCODE);
if sqicode =CURiSORALREADY_-OPEN VALUE then

RESULT :-CURSORALREADYOPEN;-
elsif sqicode /- 0 tEhen

process-database-error;
raise sql database-error;

end if;
end OPENAREAINS;

procedure FETCHAREAINS
(SHORTDOCTOR REC in out SHORTDOCTORRECORD;

RESULT out valid-status-result type) is
DPHONE-c :CHAR(1. .11) :- (others -

DPHONEindic :indicator-type;
begin

concrete-interfacell.fetch-area-ins
(CHAR(SHORTDoCTORREC.DNAME),
CHAR (SHORTD5OCTORREC .DADDRESS)OI
DPHONE- c, DPHONE indic, SQLCODE);

if sqlcode -CURSORNOTO PEN_-VALUE then
RESULT :CURSORNOTOPEN;

elsif sqlcode - NOTFOUND_ -VALUE then
RESULT :- NOT FOUND;-

elsif sqlcode I-0 then
process-database error;
raise sql database-error;

else
assin(SHORTDOCTOR -REC.DPHONE,

PHONENUMBERbase(convert(DPHONEc, DPHONE indic)));
end if;

end FETCHAREAINS;

procedure CLOSEAREAINS is
begin

concrete-interfacell.close-area ins (sqlcode);
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'if sqicode /- 0 then
process -database-error;
raise 3ql database-error;

end if;
end CLOSEAREAINS;

procedure OPENDOCINS (INSURANCENAME :in INSNAMENOTNULL;
RESULT :out valid-status-result-type) is

begin
concrete interfacell open _doc_ins (CHAR (INSURANCENAME) ,SOLCODE);
if sqicode - CURSORALREADY_-OPEN_-VALUE then

RESULT : -CURSORALREADY_ OPEN;,
elsif sqicode /- 0 Then

process-database-error;
raise sql database-error;

end if;
end OPENDOCINS;

procedure FETCHDOCINS
(SHORTDOCTORREC :in out SHORTDOCTORRECORD;

RESULT :out valid status result-type) is
DPHONE-c CHAR(l..ll) :- (others ->7 I),
DPHONEindic :indicator-type;

begin
concrete-interfacell.fetch-doc-ins (CHAR(SHORTDOCTORREC.DNAME),

CHAR~(SHORTDOCTORREC .DADDRESS),
DPHONE-c, DPHONE inAic, SOLCODE);

if sqicode -CURSORNOTOPENVALUT. titen
RESULT :CURSOR7NOT-OPEN;

elsif sqicode - NOTFOt 4DVALUE then
RESULT :- NOTFOUN;

elsif sqicode I- 0O then
process-database-errar;
raise sql database-error;

else
assign(SHORTDOCTOR_-REC.DPHONE,

PHONE NUMBER-base(convert(DPHONE-c, DPHONE indic)));
end if;

end FETCHDOCINS;

procedure CLOSEDOCINS is
begin

concrete interfaceIl.close-doc-ins (sqicode);
if sqlcode /- 0 then

process-database-error;
raise sql database-error;

end if;
end CLOSEDOCINS;

procedure OPEN SPEC AREA(SPECIALTY :in SPECIALTY NOT NULL;
AREANAME :in AREANOTNULL;1
RESULT :out valid-'status-result-type) is

begin
concrete interfacell.open _spec_area (CHAR(SPECIALTY),

CHA R(AREANOT_ULL'irnage(AREANAME)), SQLCODE);
if sqlcode =CURSORALREADY_-OPENVALUE then

RESULT CURSOR7ALREADY OPEN;
elsif sqlcode 1- 0 Then-
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process database error;
raise sqldatabase error;

end if;
end OPENSPECAREA;

procedure FETCHSPECAREA
(SHORTDOCTOR REC : in out SHORTDOCTOR RECORD;

RESULT : out valid statusresulttype) is
DPHONEc : CHAR(..11) :- (others-> '
DPHONE indic : indicator-type;

begin
concreteinterfacelI.fetch spec area

(CHAR(SHORTDOCTOR REC.DNAME),
CHAR(SHORT_DOCTOR REC.DADDRESS)I
DPHONEc, DPHONE indic, SQLCODE);

if sqlcode - CURSORNOT_OPENVALUE then
RESULT : CURSOR_NOTOPEN;

elsif sqlcode - NOTFOUND VALUE then
RESULT :- NOT_FOUND;-

elsif sqlcode /- 0 then
process_databaseerror;
raise sqldatabase_error;

else
assign (SHORTDOCTORREC.DPHONE

PHONENUMBERbase(convert(DPHONEc,DPHONE indic)));
end if;

end FETCHSPECAREA;

procedure CLOSESPECAREA is
begin

concrete interfacelI.close spec area (sqlcode);
if sqlcode /- 0 then

process database_error;
raise sql database error;

end if;
end CLOSESPECAREA;

end abstractinterfacell;

Table D-19. Concrete InterfaceII - 2nd Concrete Interface Package Specification

with sql_standard; use sql_standard;

package concreteinterfaceII is

procedure increment-bedside manner
(sqicode : out sqlstandard.sqlcode type);

pragma interface (sql, increment bedsidemanner);

procedure open dr hosp(HOS_NAME : in CHAR;
sqlcode : out sqlstandard.sqlcode_type);

pragma interface (sql, open dr hosp);

procedure fetch dr hop(DNAME: in out CHAR; DADDRESS: in out CHAR;
DPHONE: in out CHAR;
DPHONE indic:out sql_standard.indicatortype;
sqlcode : out sqlstandard.sqlcodetype);

pragma interface (sql, fetch drhosp);
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procedure close -d~r -hosp(sqlcode :out sql_standard.sqlcode type);
pragma interface (sql, close-dr-hosp);

procedure set -transaction(sqlcode :out sql_standard.sqlcode type);
pragma interface (sql, set-transaction):

procedure open-area-ins (INSURANCE NAME :in CHAR;
AREANAME : n CHAR;
sqicode :out sqlstandard.sqlcode type);

pragma interface (sql, open-area-ins);

procedure fetch-area -in3(DNAME: in out CHAR;
DADDRESS: in out CHAR;
DPHONE :in out CHAR;
DPHONE indic: out sql_standard.indicator type;
sqlcode :out sql_standard.sqlcode type);

pragma interface (sql, fetch-area-ins);

procedure close -area ins (sqlcode :out sql,_standard.sqlcode type);
pragma interface (sql, close-area-ins);

procedure open-doc-ins (INSURANCE_-NAME :in CHAR;
sqlcode :out sql_standard.sqlcode type);

pragma interface (sql, open-doc-ins);

procedure fetch-doc-ins(DNAME: in out CHAR;
DADDRESS: in out CHAR;
DPHONE :in out CHAR;
DPHONE indic: out sql_standard.indicator type;
sqlcodJe :out sql_standard.sqlcode type);

pragma interface (sql, fetch-doc-ins);

procedure close-doc -ins(sqlcode :out sql_standard.3qlcode type);
pragma interface (sql, close-doc-ins);

procedure open_spec area (SPECIALTY : in CHAR;
AREA NAME , in CHAR;
sqlcode :out sql_standard.sqlcode-type);

pragma interface (sql, open, spec-area);

procedure fetch-spe_area(DNAME: in out CHAR;
DADDRESS: in out CHAR;
DPHONE : in out CHAR;
DPHONE indic: out sql-standard.indicator type;
sqlcode out sql-standard.sqlcode-type);

pragma interface (sql, fetch spec_area);

procedure close -spec area(sqlcode :out sql standard.sqlcode type);
pragma interface (sql, close spec-area);

end concrete interfaceII;

Table D-20. DbnisSpecificil- 2nd Interface Description Text File

increment-bedside manner sqlcode out sqlcode type
open-dr-hosp HOSNAME in CHAR 20
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open_dr_hosp sqlcode out sqlcode type
fetchdrhosp DNAME in out CHAR 25
fetchd _hosp DADDRESS inout CHAR 25
fetchdr7_hoap DPHONE inout CHAR 11
fetchdrhosp DPHONEindic out indicator type
fetchdr_hosp sqlcode out sqlcode_type
close_drhosp sqlcode out sqlcode_type
set transaction sqlcode out sqlcode type
open_area ins INSURANCENAME in CHAR 20
openareains AREANAME in CHAR 5
open areains sqlcode out sqlcode_type
fetch_area_ins DNAME inout CHAR 25
fetch area ins DADDRESS in out CHAR 25
fetch area ins DPHONE in out CHAR 11
fetch area ins DPHONE indic out indicator_type
fetcharea ins sqlcode out sqlcodetype
closeareains sqlcode out sqlcode type
open_docins INSURANCE-NAME in CHAR 20
operndoc ins sqlcode out sqlcode type
fetchdoc _ins DNAME inout CHAR 25
fetchdocins DADDRESS inout CHAR 25
fetch-doc ins DPHONE in out CHAR 11
fetch-docins DPHONEindic out indicator-type
fetchdocins sqlcode out sqlcode_type
closedocins sqlcode out sqlcode_type
openspec area SPECIALTY in CHAR 11
openspec area AREANAME in CHAR 5
open spec area sqlcode out sqlcodetype
fetch spec_area DNAME in-out CHAR 25
fetch-specarea DADDRESS in-out CHAR 25
fetch_spec_area DPHONE in-out CHAR 11
fetch_speqarea DPHONE indic out indicator-type
fetchspec-area sqlcode out sqlcodetype
closespecarea sqlcode out sqlcodetype

Table D-21. DoctorApplication - Ada Application

with DOCTORSDEF_ ENUM_ PKG
use DOCTORS_DEFENUMPKG;
with INSURANCE DEFPKG;
use INSURANCEDEFPKG;
with HOSPITALDEFPKG;
use HOSPITAL DEF PKG;
with abstract interface-enum;
use abstract interface enum;
with abstract interfaceii;
use abstract interfaceii;
with text io;
uze text To;
with stringpack;

use stringpack;

procedure doctor application is
choice : integer :- 0;

package int io is new text_io.integer io(integer); use int io;
package realio is new float io(float); use real io;
package enum io is new enumeration io(area not null); use enumio;
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ins rec : abstractinterfaceenum.insurance record;
doc-rec : abstract interface enum.doctor record;
hosprec : abstractinterface_enum.hospita l_record;
docins rec abstract_interface enum.dr ins record;
dochosp_rec abstract interface enum.drhosp_record;
short doc rec shortdoctor-record;

doctorname : drname notnull;
doctoraddress : draddress_notnull;
doctorphone : phonenumber-type;
doctorhours : officehours type;
doctor specialty : specialty type;
doctorarea : area-type;
doctormanner : bedsidemannertype;
the area : area not null;
bedside manner 7 bedsidemannernot-null;
hospitalname : hosp_name_not_null;

insurance name : ins-name not null;
specialty_name : specialty_notnull;
string_holder : string (l..100) :- (others > ');
last : natural;
done : boolean :- false:
answer : string (1..l) :- (others -> '

trash : string (1..1) : (others -> '

worked : abstract interfaceenum.validstatusresult type;
workedii : abstract_interfaceii.valid_statusresult type;

begin
settransaction;
textio.put line("WELCOME TO THE DOCTOR DATABASE");
text io.put line("What operation would you like to perform?");
text io.putline("Enter appropriate number");
text io.putline(" ");
textio.put-line(" ");
while choice /- 14 loop

text_io.putline("l -> Add new insurance company.");
text_io.putline("2 -> Add new hospital.");
textio.put line("3 -> Add new doctor.");
text_io.put line("4 -> Delete doctor from database.");
text_io.put line("5 -> Commit this session.");
text_io.put line("6 -> Rollback this session.");
text_io.putline("7 -> Update doctor information.");
text_io.put line("8 -> Increment bedside manner.");
text_io.put line("9 -> View doctor information.");
textio.put line("10 -> View doctors from certain hospital.");
text_io.put line

("11 -> View doctors honoring certain insurance.");
textio.put line
("12 ->View doctors in an area with certain specialty.");

textio.put line
("13->View doctors in an area honoring certain insurance.");

textio.put_line("14 -> End this session.");
int_io.get(choice);
text_io.get line(trash, last);
case choice is
when 1 ->
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text io.put("Input insurance company name - )

string-jholder :- (others -> I')
text io.get line(string_ holder, last);
move (strip (string_ holder), string (ins_rec mine));
text io.put line("Input deductible - )

real io.get (float (ins-rec.ided));
text-io.put Tline("Input office visit copaymept - )

real io.get (float (ins rec.iov co));
text io.put Tline(-Input perscription copayment - )

real io.get (float (ins-rec.idr-co));
insert insurance (ins rec, worked);

when 2>
text-io.put line("Input hospital name - )

string_h4older :- (others -> 1')
text io.get -line (string_holder, last);
move(strip (string holder), string(hosprec.hnane));
text-io.put line("Input hospital address - )

string_holder :- (others -> 1')
text io.get line(string hiolder, last);
move (strip(string._holder), string(hosprec.haddress));
insert hosp (hosprec, worked);

when 3 ->
text-io.put line("Input doctor's name(NO NULL ALLOWED) - )

string_holder :- (others -> ' )

text io.get line(string hiolder, last);
move (strip (string holder), string(doc-rec.dname));
move(strip(stringjholder), strJing(doc_ins -rec.dname));
move (strip(string__holder), string(doc-hoap_rec.dnane));
textic .put line
("Input doctor's address (NO NULL ALLOWED) - )

string-fholder :- (others -> 1')
text io.get line (string_hiolder, last);
move (strip(string holder), string(doc-rec.daddress));
text io .put line
("Input doctor's phone number <RET> for NULL -> )

string-holder :- (others -> ' )
text io.get line(string_hiolder, last);
if last - 0 then

assign(doc-rec.dphone, null-sql_char);
else

assign (doc-rec.dphone, to3ql-char(trip(stringh.older)));
end if;
textio .put -line
("Input doctors office hours <RET> for NULL -> )

string-holder :- (others -> ' )
text io.get line(string__holder, last);
if last - 0 then

assign(doc-rec.doff-hrs, null sql-char);
else

assign (doc-rec.doff-hr,tos3qlchar(strip(stringholder)));
end if;
text_io.put -line
("Input doctors area of practice <RET> for NULL -> )

string-holder :- (others -> 1 )
text_io.get_line(string_ holder, last);
if last - 0 -- they want a null value then
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assign(doc-rec.darea, null-sql_enumeration);
else

enum io.get(string._holder, the area, last);
assign(doc-rec.darea, with null(the-area));

end if;
text_io.put line
("Input doctor's specialty <R.ET> for NULL -> )

string_holder :- (others -> 1')
text_io.get -line(string__holder, last);
if last - 0 then

a33ign(doc-rec.dspec, null-sql_char);
else

assign(doc-rec.dspec, tos3qlchar(trip(tring_holder)));
end if;
text_io.put line
("Input doctor's bedside manner rating <RET> for NULL ->")

string~holder :- (others -> 1 )
text_io.get -line(atring_h4older, last);
if last - 0 then -- they want a null bedside manner

bedside manner ops.assign
(doc-rec.dbed-man, nulls3qlint);

else
int-io.get(string_h4older, integer(bedside-manner), last);

bedside rnmanner ops.assign(doc rec.dbed man,
bedside mnner ops3.with null (bedside mner)

end if;
Lnsezt dz (doe tee, worked);
while nEot done loop

text io.put line
("Input doctor's hospital(NO NULL ALLOWED) - )

string-holder :- (others -> ' )
text Tio.get line(string holder, last);
MoVet(strip(s;tring_holder), string(doc -hosp_rec.hname));
insert dz hoap (doe hoop tee, worked);
text -io.put-line("More hospitals? answer y or n ->")
text -io.getline(answer, last);
if answer - my" then

text_io.get_line(trash, last);
else

done :- true;
end if;

end loop;
done :- false;
text_io.get line~trash, last);
while not done loop

text -io.put line
("Input doctor's insurance (NO NULL ALLOWED) -> )

string-holder :- (others -> 1)
text io.get line (stringholder, last);
move(strip(string_holder), string(doc -ins-rec.iname));
insert dz in. (doe-ina-tee, worked);
text_io.put line("More insurance? .. answer y or n -> ;

jtext_io.getline(answer,last);
if answer - "y" then

text_io.getline(trash, last);
F.1se

done :- true;
end if;
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end loop;

when 4 ->
text-io.put-line("Input doctor's name-")
string_holder :- (others -> ' ');

text io.get-line(string_ holder, last);
move (strip (string__holder), string (doctor-name));
delete di in-di (doctor name, worked);
delete di in ins (doctor name, worked);
delete d Iin hosp (doctor nlame, worked);

when 5 ->
comit transaction;
net-transaction;

when 6 ->
rollback transaction;
met-transaction;

when 7 ->
text io.put_line("Input doctor's name - )

string-holder :- (others -> 1')
text io.get-line(string holder, last);
move (strip(string_hiolder), string(doctor-name));
open_di _row (doctor name, worked);
fetch-doctor (doc-rec, worked);
text io.put-line("Current address -

stringyack.strip(string(doc rec.daddres)));
text io.put-line("New address -><RET> if same");
string~holder :- (others -> I
text_io.get-line(string_hiolder, last);
if last - 0 then

doctor-address :- doc-rec.daddress;
else

move (strip (string_ holder), string(doctor-address));
end if;
if is -null(doc -rec.dphone) then

text-io.put line("Current phone number is NULL");
else

text-io.put-line("Current phone number -

end f;strip (to string (doc recdphone)));

text io put line
("New phone -> <RET> if same, NULL for null value");

string-.holder :- (others -> 1 )
text io.get_line(string holder, last:);
if last - 0 then

assign(doctorphone, doc_rec.dphone);
elsif strip(string__holder) - "NULL" then

assign(doctoryphone, null_sql_char);
else

assign(doctorphone, to-sql char(strip(string_holder)));
end if;
if is null (doc rec.doff hrs) then

texit io.put line("C urrent office hours are NULL");
else

text-io.put line("Current office hours ->&
strip(tOs3tring(doc-rec.doff-hrs)));
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end if;
textio.putline
("New hours -> <RET> if same, NULL for null value");

string_holder : (others -> I ');
textio.getline(stringholder, last);
if last - 0 then

assign(doctorhours, docrec.doffhrs);
elsif strip(stringholder) - "NULL" then

assign(doctorhours, null sql_char);
else

assign(doctorhours, to sqlchar(strip (string holder)));
end if;
if is null(docrec.darea) then

textio.put-line("Current area is NULL");
else

text io.put_line("Current area -> "
areanotnull'image(withoutnull(docrec.darea)));

end if;
textio.put_l ine
("New area -> <RET> if same, NULL for null value");

string holder :- (others -> ' ');

textio.get_line(stringholder, last);
if last - 0 -- then they want to keep this value

assign(doctorarea, doc rec.darea);
elsif strip(stringholder) - "NULL" then

assign(doctorarea, nullsql_enumeration);
else

enum io.get(stringholder, thearea, last);
assign(doctorarea, withnull (thearea));

end if;
if is null(docrec.dspec) then

textio.putline("Current specialty is NULL");
else

textio.putline("Current specialty -> " &
strip(to-string(doc_rec.dspec)));

end if;
text io.put_line
("New specialty -> <RET> if same, NULL for null value");

stringholder :- (others -> ' ');
textio.get_line(stringholder, last);
if last - 0 then

assign(doctor_specialty, docrec.dspec);
elsif strip(stringholder) - "NULL" then

assign(doctor_specialty, null_sqlchar);
else

assign (doctorspecialty,
to_sql_char(strip(string_holder)));

end if;
if isnull(docrec.dbedman) then

textio.putline("Current bedside manner is NULL");
else

text io.put-line("Current bedside manner rating -> " &
integer'image (integer (withoutnullbase (docrec.dbedman))));
end if;
textio.put line
("New rating -> <RET> if same, NULL for null value");

string holder :- (others -> I ');
textio.getline (string holder, last);
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iZ? last - 0 then -- they want to keep this value
bedside_manner-ops.assign

(doctor manner, doc-rec.dbed-man);
elsif strip(string_holder) - "NULL" then

bedside_manner-ops .assign
(doctor-manner, nulls3qlint);

else
int io.get
(strip(string holder), integer(bedside-manner), last);

bedside_manner-ops .assign
(doctor-manner,
bedside manner--ops.with-null(bedside-manner));

end if;
update-doctor (doctor flame, doctor address,

doctorphone, doctor hours, doctor area,
doctor snpecialty, doctor nmanner,
worked);

close dr row;

when 8 ->
text_io.put line("Input doctor's name - )

string-holder :- (others -> 1')
text io.get -line (stringholder, last);
move (strip(string_holder), string(doctor-name));
open_dr _row (doctor-name, worked);
fetch doctor (doc-rec, worked);
Lncrnt beds ide manner (workedii);
close dxr~ow;

when 9 ->
text-io.put line("Input doctor's name m> 0);
string-holder :- (others -> 1 )
text io.get line (string_holder, last);
move (strip (stringjholder) , string (doctor-name));
open_4dx row (doctor name, worked),
fetch doct or (docrec, worked);
text io.put-line("Current address -

stringjpack.strip(string(doc-rec.daddress)));
if is -null(doc-rec.dphone)-then

text io.put-line("Current phone number is NULL");
else

text-io.put_line("Current phone number -

strip(to-string(doc rec.dphone)));
end if;
if is -null(doc rec.doff hr3) then

text-io.put_line-
("Current office hours are NULL");

else
text io.put_line("Current office hours -

strip(to-string(doc-rec.doff-hrs)));
end if;
if is -null(doc rec.darea) then

text-io.put-line("Current area is NULL");
else

text io.put line("Current area -

area -not-null'image(without null(doc-rec.darea)));
end if;
if is-i-ill(doc-rec.dspec) then
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text-io..put_line("Current specialty is NULL");
else

text-io.put_line("Current specialty ->"&
strip(to-string(doc-rec.dspec)));

end if;
if is ,null(doc rec.dbed-man) then

text-io.put-line("Current bedside manner is NULL");
else

text-io.put-line("Current bedside manner rating =

integer'image(integer(without-null-base (doc_rec.dbed-man))));
end if;
close-dr-roy;

when 10 ->
text_io.put_line("Input hospital name - )

string-holder :- (others -> 1')
text_io.get-line(string_ holder, last);
move (strip (string holder), string (hospital name));
opdnz hosp (hospital nain, workedii);
textjio.put-line ("Doctors with privileges at " &

string__holder~i. .last));
text_io.put-line (" U);

fetch dr hosp (short doe rec, vorkedli);
while -(workedi' /- n ot'Found) loop

if is r'" Y,-(short-doc-rec.dphone) then
te2AL .Lo.put_line

/ .ringypack.strip(3tring(short-doc-rec.dname))

stringypack.strip(string(short-doc-rec.daddress))
& " NULL PHONE NUMBER");

else-text_io.put line
(stringpack. strip (string (short-dc-rec .dname))
& a" &

stringpack. strip (string (short-doc-rec .daddress))
& ""& strip(to-string(short-doc-rec.dphone)));

end if;
fetch -d~r hosp (short-doe-rec, vorkedii);

end loop;
close-dr-hosp;

when 11 ->

text-io.put line("Input insurance name - )

string_ holder :- (others -> 1')
text io.getline(stringh.older, last);
move (strip (string holder), string (insurance-name));
open_doe_ins (insuxance nain, vorkedi)
text_io.put_line ("Doctors honoring "

string holder(l..last) &"insurance");

text_io.put line (" ");

fetch doc ins (short doe rec, workedii);
while (worjedii /- nEot'Found) loop

if is -null(short. doc rec.dphone) then
text_io.put line
(stringpack.strip(string(short doc rec.dname))

stringpack.strip(string(short-doe-rec.daddress))
& " NULL PHONE NUMBER");

else
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text -iO.put line
(stringpack.strip(string(short-doc-rec.dname))

stringpack strip (string (short-doc-rec .daddress))

strip(to-String(short-doc-rec.dphone)));
end if;
fetch -doe ins (short-doe.rec, vorkedii);

end loop;
close-doe-ins;

when 12 ->
text_io.put_line("Input specialty = )

string-holder :- (others -> 1')
text_io.get -line(string_holder, last);
move (strip(string__holder), string(specialty_nrame));
text io.put_line("Input area -> ");
string-holder :- (others -> 1')
text_io.get-line(string holder, last);
enum-jo .get (string__holder, the-area, last);
open_spc_area (specialty naum, the area, vorkedii);
fetch spec-area (short doc rec, wor~kedji);
while (workedii /- not-found) loop

if is -null (short-doc-rec.dphone) then
text io.put -line
(stringpack.strip(string(short-doc-rec.dname))
& " W

stringpack strip (string (short-doc-rec daddress))
& " NULL PHONE NUMBER");

else
* text 'io.put_line

(str ingpack.strip(string(short-doc-rec.dname))
& W U&

stringypack. strip (string (short-doc_rec .daddress))
& " W'

strip (to string(short-doc-rec.dphone)));
end if;
fetchspec area (short-doe-rec, vorkedji);

end loop;
close szpec-a rea;

when 13 -

text io.put line("Input area - )
string-holder :- (others ->'
text_io.get-line(string holder, last);
enum io.get (string_holder, the-area, last);
text-io.put line("Input insurance name - )

string holder :- (others -> 1')
text_io.get-line~string holder, last);
move (strip(string_holder), string(insurance -name));
open_,area ins (insurance nam, the area, vorkedii);
fetch area ins (short doe roc, vorkedli);
while7(workedii /- not-found) loop

if is -null(short-doc-rec.dphone) then
text -io.put line
(stringpack.strip(string(short-doc-rec.dname))
& "'

stringypack.strip(string(short-doc-rec .daddress))
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&"NULL PHONE NUMBER");
else

text -io.put line
(stringjpack.strip(string(short-doc-rec.dname))

stringypack.strip(string(short-doc-rec.daddress))

strip(to_string(short-doc_rec.dphone)));
end if;
fetch -area-:ins (short_doc;_rec, workedii);

end loop;
close area ins;

when 14 ->null;
when others -> null;

end case;

end loop; -- (while choice I-14)

end doctor-application;
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